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ABSTRACT 
The benefits of exercise have been recommended in typical and other special 
populations. However, the evidence for persons with Down syndrome (DS) is still 
limited. This study was aimed at investigating the impact of an acute bout of aerobic 
exercise intervention on motor performance, executive function and intrinsic motivation 
in adolescents and young adults with DS. Ten participants with DS were assigned to an 
exercise group, who walked on a incremental treadmill protocol for 20 minutes. The 
exercise intensity was achieved at 66% of their predicted maximum heart rate. Another 
ten participants with DS were assigned to an attentional control group, who watched a 
video for 20 minutes. Measures of fine manual dexterity (e.g., Purdue Pegboard test), 
manual force production (e.g., grip strength test), processing speed (e.g., visual choice 
reaction time test), verbal processing (e.g., verbal fluency test), attention shifting ability 
(e.g., The Dimensional Card sorting test), and inhibitory control (e.g., Knock and Tap 
test) were tested pre and post intervention. An intrinsic motivation scale (e.g., enjoyment 
and effort) was conducted after the intervention. First, results showed participants 
significantly improved their performance in manual force production and Knock and Tap 
Test after the exercise intervention. While it has been proposed that exercise increases 
arousal status, neurotransmitters, or cerebral vasculature, the exact mechanisms in 
persons with DS are still unknown. However, our results showed that after treadmill 
walking, motor and cognitive improvements can be found in individuals with DS, even in 
a single exercise session.  In addition, participants reported higher scores in enjoyment 
after video viewing than exercise, which may a result from musical effect or too much 
emphasis on external rewards in their early participation in exercise. These may imply 
that participants had low intrinsic motivation to an active lifestyle. Further, scores in  
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effort were significantly higher after exercise than video viewing, which indicated their 
capabilities to perceive their physical exertion. However, other motivational regulations 
(e.g., introjected and identified regulations) have shown the relationship with exercise 
behavior in this population. Thus, further study should consider divergent motivational 
factors in order to implement an effective exercise program. 
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CHAPTRT 1 
INRODUCTION 
Rational 
Since it was first described by Dr. John Langdon-Down in 1866, Down syndrome 
(DS) has been one of the most common neurological disorders that affect growth, 
cognition, motor and social behaviors across the life span. Approximately 95 % of DS 
cases are caused by an extra 21st which results in 47 chromosomes rather than 46 
chromosomes, called trisomy 21. The estimation from Sherman, Allen, Bean and 
Freeman (2007) reported that the birthrate of DS is approximately 1 in 732 infants in the 
United States.  
There is evidence that the common deficits in this genetic disease are poor motor 
performance (e.g., variable manual dexterity and force production) (Connolly & Michael, 
1986; Inui, Yamanishi & Tada, 1995) and low executive function (e.g., slow reaction time, 
poor working memory, short attention span, deficient verbal processing and poor 
inhibitory control) (Adams & Oliver, 2010; Pennington, Moon, Edgin, Stedron & Nadel, 
2003), which both correlate with reduced daily life skills and decline with age. In 
particular, persons with DS are now capable of living beyond their late 50s (Janicki, 
Dalton, Henderson & Davidson, 1999). Therefore, there is a need to find a rehabilitative 
intervention to prevent this decline and promote their quality of life. 
Accumulated evidence from animal and human studies suggest that physical 
activity may be one of the effective interventions to stimulate the neural connections for 
motor performance and cognition (Erickson & Kramer, 2009; Heller, Hsieh & Rimmer, 
2004). However, for persons with DS, most studies only focused on the benefits of 
exercise on the improvement in physical functions and the reduction of the risk factors 
for chronic disease (Gupta, Rao, & Kumaran, 2011; Lewis & Fragala-Pinkham, 2005; 
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Rimmer, Heller, Wang, & Valerio, 2004; Sharma, Ganesan, & Tedla, 2012). To my 
knowledge, only a few studies have examined the effect of exercise interventions on 
motor performance and executive function in this population. Both from fundamental 
and scientific points of view, it is important to fill this gap in knowledge.  
Furthermore, even though many studies over the years have placed a high 
importance on physical activity, the participation rate in persons with DS is still lower 
than their typical peers (Rimmer, et al., 2004; Sit, McManus, McKenzie, & Lian, 2007; 
Wu et al., 2010). In addition to environmental and social limits, low intrinsic motivation 
(e.g., feeling boring, lack of interest) to physical activity from parental reports was also 
noted  in this population (Clader, 2010; Menear, 2007). Now that intrinsic motivation 
has been considered as a key element to promote an active healthy lifestyle 
(Papaioannou, Bebetsos, Theodorakis, Christodoulidis, & Kouli 2006), it is necessary to 
address this question as well when considering the benefits of physical activity in 
persons with DS.  
 
Hypotheses 
1) Specific Aim:  To determine the effects of an acute bout of aerobic exercise on motor 
performance in adolescents and young adults with DS. The primary outcome is the 
change in fine manual dexterity and manual force production after intervention.   
Hypothesis 1:  The exercise group will exhibit significantly greater improvements in 
fine manual dexterity and manual force production compared to those in the 
attentional control group.  
 
2) Specific Aim:  To determine the effects of an acute bout of aerobic exercise on  
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executive function in adolescents and young adults with DS. The primary outcome is 
the change in processing speed, attention shifting, verbal fluency and inhibitory 
control abilities after intervention.  
Hypothesis 2:  The exercise group will exhibit significantly faster reaction time and 
greater improvements in attention shifting, verbal fluency and inhibitory control 
abilities compared to those in the attentional control group. 
 
3) Specific Aim:  To determine the effects of an acute bout of aerobic exercise on 
intrinsic motivation in adolescents and young adults with DS. The primary outcome 
is the change in interests and efforts after intervention.  
Hypothesis 3:  The exercise group will exhibit significantly greater intrinsic 
motivation to exercise compared to those in the attentional control group. 
 
Definitions 
Aerobic Exercise: Aerobic exercise has been defined by The American College of  
Sports Medicine (ACSM) as "any activity that uses large muscle groups, can be 
maintained continuously, and is rhythmic in nature (ACSM, 2010). For the 
purpose of this study, aerobic exercise is considered as moderate to vigorous 
intensity, which is between 50% and 85% of predicted maximum heart rate.   
Executive Function: Executive function describes one’s ability to flexibly adapt  
behavior in the pursuit of a desired goal. This goal-directed behavior is concerned 
with various domains of cognitive processes underlying perception, memory, and 
action (Diamond, 2006). 
Intrinsic Motivation: Intrinsic motivation refers to the motivation that comes from  
inside an individual rather than from any external rewards. According to self- 
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determination theory (Deci & Ryan, 2000), individuals are intrinsically 
motivated when they feel pleasure and perceive competence and that they derive 
these from the activity. 
Reaction Time: Reaction time is an aspect of executive function that is defined as “The  
time between the presentation of a sudden stimulus and the onset of a motor 
response” (Schmidt & Weisberg, 2008). 
Verbal Fluency: Verbal fluency is an aspect of executive function that is defined as “the  
ability to retrieve words from long-term storage and shift rapidly from word to 
word within the selected category.” (Sutin, Terracciano, Kitner-Triolo, Uda, 
Schlessinger, & Zonderman, 2011) 
Attention Shifting: Attention shifting is an aspect of executive function that is  
defined as “the ability to flexibly move from one cognitive or behavioral strategy 
to another (Beebe & Gozal, 2002). 
Inhibition Control: Inhibitory control is an aspect of executive function that is 
defined as “ the ability to suppress irrelevant or interfering stimuli.” (Nielson, 
Langenecker, & Garavan, 2002). 
Fine Manual Dexterity: Fine manual dexterity is defined as “the ability of voluntary  
manual movement to manipulate small objects” (Backman, Cork, Gibson, & 
parsons, 1992). It is related to self-care domains of daily life. 
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CHAPTER 2 
LITTERATURE REVIEW 
Aerobic Exercise & Motor Performance 
 Exercise studies in special populations. Previous studies suggest that the 
dynamic stability of the trunk and central body is important for the development of fine 
manual control. Thus, the hypothesis relating postural control and manual control has 
been widely investigated in animal models and the typical population (Rochat, 1992; 
Johnston, Burns, Brauer & Richardson, 2002; Ploughman, Attwood, White, Doré & 
Corbett, 2007; Rosenblum & Josman, 2003). For example, a chronic cycling or walking 
intervention, exercising in the lower extremities, has been shown to enhance fine manual 
control in the upper extremities. Ridgel, Vitek and Alberts (2009) found that patients 
with Parkinson’s disease (PD) improved their bimanual dexterity, assessed by a motor 
task like opening a container, after eight-week forced exercise in which patients pedaled 
at a rate 30% greater than their preferred rate. In addition, Hung and Pang (2010) 
conducted a gross motor training program (e.g., hooping, jumping, sit-ups, ball skills) 
once a week for eight consecutive weeks for children with developmental coordination 
disorder (DCD). They found that participants improved their performance in fine 
manual dexterity, assessed by The Movement Assessment Battery for Children.  
Similar evidence is seen with an acute bout of exercise intervention as well. 
Mierau, Schneider, Abel, Askew, Werner and Strüder (2009) found a single bout of 
exhaustive running exercise improved sensorimotor adaption and facilitated the 
information processing in a motor task. Specifically, they found, after exercise, 
participants made fewer errors in a manual pointing task compared with a physical 
practice group (e.g., 35 trials, each was 40 s). In addition, Soyupek, Bölükbafil, 
Yorganciolu and Gökolu (2006) conducted a 30-min treadmill walking at 70%-80% of 
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maximum heart rate (Max HR) for people with coronary artery disease and found 
that they improved fine manual dexterity, assessed by Purdue Pegboard Test, and  grip 
force production in the dominant hand, assessed by a hand dynamometer. In another 
study, Ploughman, McCarthy, Bossé, Sullivan and Corbett (2008) found that people with 
chronic stroke altered their manual dexterity, assessed by The Action Research Arm Test, 
after a signal bout of 20-min treadmill walking at 70% of estimated heart rate reserve 
(HRR) or level 13 on the Borg rating of perceived exertion scale. Most recently, a current 
study in adolescents with DS (Shannon, Chen, Albert, & Semken, 2011) found a similar 
benefit in the upper limbs during the performance of a Purdue Pegboard test after signal 
bout of 30-min Assisted Cycling Therapy (ACT), pedaling at 35% higher than their 
preferred rate, but not after a voluntary exercise intervention pedaling at their preferred 
rate. 
     
 Manual motor control in Down syndrome. The deficit in manual control is 
the most frequently occurring feature in persons with DS. Take manual strength as an 
example, in persons with intellectual disabilities (ID), manual strength has been 
demonstrated to be associated with daily manual work performance, such as box 
stacking, pail carry, dolly cart push and sack carry (Smail & Horvat, 2006; Seagraves, 
Horvat, Franklin, & Jones, 2004). In addition, it is evident that persons with DS have 
weaker muscular strength than their typical peers (Costa, Walsh, & Davisson, 1999; 
O’Connell, Rutland, & O'Connell, 2006). O’Connell et al. (2006) measured hand grip 
force production in Special Olympic athletes and found their grip force was comparable 
to the elderly population in normative data instead of chronological age- matched peers.  
Furthermore, fine manual dexterity is also vitally important for activities of daily 
life for persons with DS. Dolva, Coster and Lilja (2004) reported that 5-year-old children  
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with DS have low capabilities to perform fine motor skills, such as tooth brushing, tying 
shoelaces and toileting tasks. They found only 11% and 0 % of participants were able to 
perform tooth brushing and tying shoelaces, respectively. Moreover, their deficit in 
manual dexterity may lead to dental hygiene issues in this population.  For example, 
Padilha, Hugo, Hilgert and Dal Moro (2007) found that patients with poor hand 
function, as assessed by the Purdue Pegboard test, had significantly more dental plaque 
than in the typical population.  
The underlying mechanism for the deficit in manual motor control could be that 
persons with DS may have poor capability of the recruitment of motor units during 
voluntary movement. To explain the poor manual motor control in this population, a 
recently study in a mice model noted that the factor of neural activation in muscles may 
play an important role. Cowley et al. (2012) found the force generating capacity, muscle 
fibers, and fatigability in soleus muscle was not significantly different between the DS 
and control mice. This finding meant the muscle weakness in DS may be due to 
deficiency in neural activation in the motor cortex of the brain instead of the muscle 
itself. 
In summary, although studies have shown that either chronic or acute exercise 
was able to improve manual motor control in other special populations, to my knowledge, 
only a few studies focus on persons with DS. Based on the aforementioned results, it 
seems logical that persons with DS will obtain similar benefits in their manual motor 
control after exercise intervention. So, in particular, the deficit in manual control may 
severely delay the acquisition of new skills in persons with DS. Thus, there is a need to 
investigate the effect of exercise on manual motor control, such as grip force production 
and fine manual dexterity, in persons with DS. 
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Aerobic Exercise & Executive Function 
Exercise studies in typical populations. Theoretically speaking, executive 
function is not a unitary process, rather it is dimensional underlying processes that 
regulate and direct human behavior to achieve specific goals. It is a big umbrella, 
including working memory, processing speed, inhibitory control, planning, attention 
shifting and basic verbal processing that are specifically related to frontal regions of the 
human brain. Accumulated evident from meta-analyses demonstrate that there is a 
casual link between exercise and executive function. In the study of Colcombe and 
Kramer (2003), they assessed 18 studies to investigate the benefits of chronic exercise 
training in older adults on four different cognitive components, such as 1) executive 
function, which involved scheduling, response inhibition, planning, and working 
memory; 2) controlled processing, which required the automatization of response 
sequences; 3) visuospatial processing, which involved perceptual learning; and 4) 
speeded processing, which places demands on simple reaction time. Their analyses 
revealed larger gains for tests of executive function (ES=0.68) than tests of controlled 
processing (ES=0.46), visuospatial processing (ES=0.42), and speeded processing 
(ES=0.27). Interestingly, the effect size on all cognitive tasks was 0.16 for the control 
group.  
Furthermore, in 2003, Sibley and Etnier reported a positive relationship between 
physical activity and cognition in children from 44 studies. In this meta-analysis, the 
overall effect size was 0.32 that physical activity yields a positive effect on cognition. Also, 
there was no significant difference from the gain score for chronic intervention (ES=0.29) 
and for acute intervention (ES=0.37). As for types of assessments, perceptual skills 
gained the most benefits (ES=0.49) and then was the performance in other 
neuropsychological tests (ES=0.40). In particular, their study indicated that students 
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with learning disability displayed the same positive relationship between physical 
activity and cognition as typical children. However, the sample size was too small to 
obtain statistic power. 
Moreover, Barnes (2009) coded cognitive tasks measures as 1) Executive 
function, 2) Controlled Processes, 3) Speed of Processing, 4) Visuospatial Processing, 5) 
General Intelligence, 6) Global Cognitive Function, and 7) Subjective measures from 29 
studies with randomized controlled trials to examine the effects of exercise on cognition 
across the life span. She found a positive but smaller effect of executive function 
(ES=0.11) compared with the cognitive tasks in six other categories. Again, the benefits 
for the no intervention and the attentional control group were 0.19 and 0.16, 
respectively.  
Most recently, Chang, Labban, Gapin and Etnier (2012) examined the effects of 
an acute bout of exercise on cognition in 79 studies. Their meta-analysis indicated a 
positive and small effect during exercise (ES=0.10), immediately following exercise (e.g., 
≤ 1-min) (ES=0.11), and after a delay (e.g., ≥ 1-min) (ES=0.10). Specifically, cognitive 
tasks, including verbal fluency, choice reaction time, decision making, Strop interference 
task, visual working memory and attention, were all improved after at least 20-min of 
exercise duration. In addition, during light to moderate exercise intensity (e.g., 50%-76% 
of Max HR), a more positive effect on cognition was evident when tasks were measured 
immediately after exercise (ES= 0.12-0.17); whereas, during hard to maximal intense 
exercise (77%-100% of Max HR), more positive effects were shown when tasks were 
measured after a delay following exercise (ES= 0.27-0.47)     
To date, a number of studies have further demonstrated the close relationship 
between executive function and academic performance. It has been shown that students 
with higher executive function have been shown to have better academic performance in 
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schools (Hillman, Erickson & Kramer, 2008; Tomporowski, Davis, Miller & Naglieri, 
2008; Fox, Barr-Anderson, Neumark-Sztainer & Wall, 2010). Therefore, based on these 
findings, executive function seems to be trainable and can be improved through exercise. 
A preliminary study of Ringenbach et al. (2011) indicated that persons with DS may also 
obtain a similar benefit. They found young adolescents and adults with DS performed 
faster reaction time, assessed by a simple visual reaction time test and improved 
cognitive planning ability, assessed by Tower of London test, after a 30-min ACT but not 
in voluntary exercise or no exercise intervention. 
  
Exercise studies in intellectual disabilities. As early as 1950, researchers 
were interested to determine whether exercise interventions would improve the 
Intelligent Quotient (IQ) in persons with ID (Corder, 1996; Leighton, Cupp, Prince, 
Philabaum & McLarren, 1996; Oliver, 1958; Rarick, Dobbins & Broadhead, 1976; 
Tomporowski & Ellis, 1984; Tomporowski & Ellis, 1985). For example, Tomporowski and 
Ellis (1984) were interested in the effects of exercise on IQ, which was assessed by the 
Standford-Binet Intelligence Scale, in adults with profound ID. Participants performed a 
seven-month exercise intervention of three hours per day, five days per week and the 
exercise comprised a diversity of physical activities, such as running, jogging, 
calisthenics, and circuit training; however, no change was found in their IQ scores. The 
following year, Tomporowski and Ellis (1985) conducted another nine-month exercise 
intervention with vigorous aerobic exercise because they believed that the exercise level 
might not have been intense enough to achieve the significant improvement. Still, no 
change in IQ was found.  
However, as for other components of executive function, to my knowledge, there 
are only a few studies ever to investigate the relationship between exercise and cognitive  
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control in persons with ID/DS. 
 
Executive Function in Down syndrome. Researches indicated that persons 
with DS performed significantly slower in reaction time than persons with ID regardless 
of visual or auditory stimulus (Davis, Sparrow & Ward, 1991). In addition, Inui et al. 
(1995) further confirmed this deficit in adolescents with DS by using a visual simple 
reaction time test compared with adolescents with ID and autism. Both studies indicated 
that persons with DS have markedly slower processing speed and shorter attention spans 
than their typical peers as well as those with ID. Further, compared with their peers with 
similar chronological ages, persons with DS also have deficits in other components of 
executive function. One study indicated that adolescents with DS had lower levels of 
working memory, inhibition control, cognitive planning, attention shifting and sustained 
attention than typical developing adolescents (Lanfranchi, Jerman, Dal Pont, Alberti & 
Vianello, 2010).  
Furthermore, Adams and Oliver (2010) indicated that the change of executive 
function is related to the adaptive behavior in persons with DS who may be at high risk 
of Alzheimer’s disease (AD). Another longitudinal study showed that persons with DS 
who had dementia had a significant greater decline in working memory than persons 
with DS without dementia (Oliver, Crayton, Holland, Hall & Bradbury, 1998). Moreover, 
Ball, Holland, Treppner, Watson and Huppert (2008) demonstrated that persons with 
DS with AD showed a consistent pattern of impaired performance in verbal fluency, 
attention shifting and cognitive planning abilities compared to the people with DS 
without AD.  
Therefore, this study is important because, for persons with DS, executive 
function is not only related to academic performance but the change in adapted behavior  
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and the development in AD. Thus, in the current study, processing speed, attention 
shifting, verbal fluency and inhibitory control will be assessed to investigate the effect of 
exercise on a multi-dimensional model of executive function in people with DS. 
 
 Mechanisms. Over the past years, the development of underlying mechanisms 
underpinnings, from the arousal theory, neurotransmitters and cerebral vasculature, to 
the interaction between exercise, motor performance and executive function have been 
widely discussed.  
Arousal. First, based on arousal theory, researchers believe that exercise 
enhances the arousal level to the optimal zone and this enhancement further narrows 
down the participants’ attention to relevant information and their ability to avoid 
distraction. Level of arousal can be characterized physiologically by levels of skin 
conductance, heart rate, and breathing (Ohsuga et al., 2011; VaezMousavi & Osanlu, 
2011). Recently, researchers noticed the connection between arousal level and the 
neuroendocrinological level. Suzuki et al. (2009) found that increased heart rate resulted 
in enhanced plasma catecholamine, like adrenaline, noradrenaline, and dopamine, and 
further led to the activation of regional cerebral cortices. Further, McMorris et al. (1999) 
found that elite soccer players increased their reaction time in a soccer decision-making 
test when the adrenaline threshold was reached with an exercise cycling task. In 
addition, Chmura, Krysztofiak and Ziemba (1998) showed that participants improved 
their performance in the choice reaction time test immediately after the blood adrenaline 
threshold was reached during 20 minutes of exercise. Thus, these studies support the 
theory that, through the increased exercise intensity, the change in the autonomic system 
associated with the blood catecholamine concentration and cortical activation may 
improve motor and cognitive performance after exercise. 
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Neurotransmitters. Abundant studies support the idea that exercise produces 
growth factors to maintain and protect brain function. Brain-derived neurotrophic factor 
(BDNF), insulin-like growth factor (IFG-1), and vascular endothelial derived growth 
factor (VEGF) are known principle growth factors expressed following exercise to 
mediate the effect of exercise on the brain (Cotman & Berchtold, 2002; Cotman, 
Berchtold & Christie, 2003). In the animal model, the increased expression on growth 
factors induced by exercise enhanced synaptic plasticity and stimulated the proliferation 
and survival of new neurons in the cerebellum, cortex and hippocampus (Neeper, 
Gómez-Pinilla, Choi & Cotman, 1996). In particular, neurogenesis in the hippocampus 
has been linked to the improvement in learning and memory. In human studies, 
Erickson et al. (2009) indicated the positive relationship between hippocampal volume 
and cardiovascular fitness in older people without dementia. They indicated that the 
person with higher VO2max had greater hippocampal volume. Further, Chaddock et al. 
(2010) showed that the structural change in the hippocampus was related to cognitive 
performance in school children. They found high-fit children showed greater 
hippocampus volume and superior hippocampal-dependent memory than low-fit 
children. In addition, the change in BDNF level is also evident after an acute of exercise 
intervention. Ferris, Williams and Shen (2007) found the BDNF level increased after a 
30-min cycling at 10% above and 20% below ventilatory threshold (VT) in the healthy 
participants. The scores in a Stroop test after both exercise conditions were improved, 
even though increased BDNF from baseline was not significant after exercise at 20% 
below VT. These studies came to a conclusion that either chronic or acute exercise may 
stimulate the increased expression of growth factors in the brain and enhance synaptic 
plasticity that may improve motor and cognitive performance after exercise. 
Cerebral vasculature. Cerebral blood and metabolic activity may play an  
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important role as well as to explain the improvement in the motor and cognitive 
performance after exercise. In the animal model, an acute bout of exercise has been 
shown to increase in local cerebral glucose utilization in the striatum, motor cortex and 
hippocampus. In human studies, Neary, Roberts, Leavins, Harrison, Croll and Sexsmith 
(2008) showed prefrontal cortex oxygenation increased during incremental exercise in 
both healthy participants and patients with chronic fatigue syndrome. In addition, even 
after exercise, the brain glucose and oxygen uptake were still elevated in the initial 
minutes of recovery immediately following exercise (Ide & Secher, 2000). Based on the 
results in these studies, it seems that increased blood flow and metabolic capacity may 
support oxygen and nutritious supplements during and after exercise to several brain 
areas and further improve the motor and cognitive performance after exercise. 
 
 
 
 
  
 
 
Figure 1. Possible Underlying Mechanisms of the Benefits of Exercise 
 
As for the motor performance, another theory found from previous studies is that 
whole body movement, like cycling and treadmill running, improved the movement of 
non-exercise effectors (e.g., upper extremities) in some special populations. While 
performing a rhythmic movement in lower extremities, participants needed to control 
their trunk and central body during exercise. Thus, it is speculated that the continuing  
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peripheral sensory inputs were sent from the lower extremities to the motor cortex, 
which is also central to movement control in the upper exterminates. This stimulation 
may cause improvement in the manual motor control. A recent neuroimaging study 
further supported this hypothesis. Brümmer, Schneider, Strüder and Askew (2011) found 
that more brain activation in the primary motor cortex after incremental cycling 
compared to the baseline in the healthy participants. Since the motor cortex is also in the 
control of non-exercise effectors, it is possible that this carry-over effect improves the 
motor performance in manual motor control in upper extremities after exercising in the 
low extremities.  
In particular, recent studies in Ts65Dn, a mouse model of DS, pronounced 
similar improvement in cognition after exercise. Llorens-Martín, Rueda, Tejeda, Flórez, 
Trejo and Martínez-Cué (2010) found that voluntary physical exercise on a running 
wheel for seven weeks exerted a positive effect on Ts65Dn mice on the spatial memory 
and performance in the Morris water maze. Furthermore, Kida, Rabe, Walus, Albertini 
and Golabek (2012) indicated that voluntary running might improve cognition and 
motor function in Ts65Dn mice. The improvement in motor learning and performance 
were observed in rotarod performance for those mice, which had free access to a running 
wheel for seven weeks. In addition, improved spatial memory was seen as well because 
running increased the time spent with the novel object in those mice. Most importantly, 
the total level of APP, a protein related to Alzheimer’s disease, was reduced in the 
runners. Hence, both animal studies demonstrated that Ts65Dn mice benefited from 
voluntary physical exercise and promote the idea that an exercise program could be 
valuable for persons with DS to improve motor and cognitive function.    
 
Intrinsic Motivation to Exercise in Down Syndrome 
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 Exercise behavior in Down syndrome. Based on previous studies, persons 
with DS spend relatively high frequency of their time in the sedentary activities (e.g., 
watching TV, listening to music, seeing rented movies) (Frey, Buchanan & Sandt, 2005; 
Putnam, Pueschel & Gorder-Holman, 1988; Wuanga & Su, 2012). In particular, these 
studies found that many of persons with DS engaged in a daily routine of watching TV as 
their primary free activity. As for physical activities, walking or jogging was their first 
choice because persons with DS usually walk to the bus stop, grocery store or work place. 
 Surprisingly, in the study of Frey et al. (2005), they interviewed the participants 
with DS and most of them expressed their unwillingness to participate in regular 
physical activity. Participants only performed physical activity when they joined in 
Special Olympic programs. This low prevalence of physical activity is consistent with 
findings from Temple, Frey and Stanish (2005). They found that only one-third of people 
with ID met the health criterion, 30-min moderate to vigor physical activity (MVPA) per 
day, 5 days per week. Surprisingly, as for persons with DS, they were even less active 
than other types of ID (Phillips & Holland, 2012; Stanish, 2004). For example, Phillips 
and Holland (2012) measured the levels of physical activity in 150 participants with 
ID/DS, aged 12-70 years. They found persons with DS spent more time in a sedentary 
lifestyle, less walking steps and less time in MVPA compared to persons with ID without 
DS. Furthermore, their levels of physical activity declined significantly with age. 
 
 Intrinsic motivation to exercise in Down syndrome. Many studies have 
emphasized physical activity as an effective intervention to improve motor control (e.g., 
locomotion) and physical fitness (cardiovascular function) in persons with DS (Andriolo, 
El Dib, Ramos, Atallah & da Silva, 2010; Carmelia, Zinger-Vaknina, Moradb & Merrick,  
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2005; Heller et al., 2004); however, if the benefits of exercise are so important for 
persons with DS, it is interesting that there is still a high prevalence of sedentary 
lifestyles in this population?  
 To date, social support from caregivers, family and friends (Lin et al., 2010; 
Peterson, Peterson, Lowe & Nothwehr, 2009), facility availability (Rimmer, 2005), 
transportation and cost (Temple, 2007) have been regarded as the possible factors that 
contribute to the poor physical activity behavior in people with DS. However, to my 
knowledge, the cognitive and emotional factors, such as intrinsic motivation, have not 
been considered yet. Ryan and Deci (2000) defined one’s intrinsic motivation was 
critical for behavior because it constitutes the most autonomous form of motivation and 
refers to an inherent tendency possessed to seek out novelty and challenges, to extend 
one’s capabilities and to learn. They acknowledged that behavioral engagement was 
linked with both sustained behavior and more authentic mental health if it aligned with 
intrinsic motivation. Thus, an individual, who will pursue a goal or activity, because it is 
enjoyable, displays intrinsic motivation (Koestner & Losier, 2002). Ryan, Frederick, 
Lepes, Rubio and Sheldon (1997) applied this theory to explain exercise adherence. They 
found the enjoyment motive was a significant predictor in college students because they 
reported high enjoyment of the class which was associated with a high adherence and 
low dropout rate. Similarly, the field-study in physical education class also showed the 
relationship between intrinsic motivation and effort and persistence in physical 
education class. For example, Ferrer-Caja and Weiss (2000) indicated intrinsic 
motivation can be used to predict the effort and persistence in physical education class 
among high school students.  
As for persons with DS, low motivation to exercise has been mentioned from 
parental and researchers’ reports; however, there is a lack of systematical study to  
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explore this speculation. Currently, Chen, Ringenbach and Kelsey (2012) applied 
electroencephalography (EEG) technique and Davidson’s frontal brain asymmetry model 
to measure the affect responsivity to exercise in persons with ID/DS. In this study, 
participants showed a decreased positive affect after a 20-min brisk treadmill walk at low 
to moderate exercise intensity. Interestingly, this finding was inconsistent with previous 
studies in healthy college students (Woo, Kim, Kim, Petruzzello & Hatfield, 2010). They 
showed increased positive affect after treadmill walking with low exercise intensity. 
Thus, the decreased positive affect may support the parental reports about low 
motivation in persons with DS. In this respect, it seems that physical activities may not 
be inherently intrinsically motivating for persons with DS. 
 In summary, in addition to investigating the benefits of exercise in persons with 
DS, it is necessary to understand the intrinsic motivation to exercise in this population as 
well. In the current study, watching videos and walking activities were chosen because 
these are persons with DS’s routine leisure and physical activities respectively, with high 
frequency in their daily lives. The length of intervention was selected as 20 minutes 
because of the minimum requirement to produce a positive effect on executive function. 
To my knowledge, there are no studies to measure the intrinsic motives in daily leisure 
activities (e.g., watching video and walking activity) in persons with DS. 
 
Summary  
Collectively, it is evident that typical and some special populations obtain benefits 
from either an acute bout or chronic exercise. Motorically, manual motor control, such as 
force production and fine manual dexterity, is enhanced. Cognitively, executive function, 
such as processing speed, attention-shifting, verbal fluency and inhibitory control, are 
improved. Further, these improvements can be explained by the changes at neural and  
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physiological levels. However, related topics in persons with DS are still rare.  
 In addition, persons with DS are more prone to a sedentary lifestyle than their 
typical peers. Although social and environmental issues limit the accessibility to physical 
activity, their low intrinsic motivation may be the crucial factor that contributes to their 
inactive life. However, previous information about their motivation to exercise only came 
from parental reports. When discussing the benefits of exercise in this population, there 
is a need to understand their motives to exercise in order to design more effective 
physical activity programs in the future. 
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CHAPTER 3 
METHOD 
Participants 
A total of 22 participants were recruited in this study. Participants were randomly 
assigned into either exercise or attentional control groups. The mean of chronological 
and mental ages were 21.99 ± 5.28 and 6.09 ± 1.78 years, respectively. Height (cm), 
weight (kg) and body mass index (BMI, kg/m2) are reported in Table 1. Mental ages of 
participants with DS were established by use of the Peabody Picture Vocabulary Test (3rd 
Ed.; PPVT-III). Participants, whose mental age was lower than 3 years old, were not 
included in the data collection and analyses. In addition, participants were not tested if 
they had medical or physical disabilities, assessed using Physical Activity Readiness 
Questionnaire (PAR-Q), which would limit their physical involvement. Participants were 
recruited from a variety of local DS organizations. Interested parents/guardians 
contacted the researchers via telephone or email and were given a description of the test 
and eligibility requirement for participation. All protocols were approved by the Human 
Subjects Institutional Review Board of Arizona State University. 
 
Data Collection 
 Measures. All measures were administered in two visits. During the visit, 
handedness assessment and language testing were completed first. Then, the motor and 
executive function tasks were administered in a counterbalanced order. 
Physical Activity Readiness Questionnaire (PAR-Q). PAR-Q offers a 
preliminary screening used by parents/guardians to determine the possible risk of 
exercising for their child based upon specific health history questions. If they answered 
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no to all the questions, there will be no or low risk of having any medical complications 
from exercise. If they answered yes to one or more questions, they consulted with a 
physician for a medical clearance prior to participating in the study. 
Peabody Picture Vocabulary Test (3rd Ed.; PPVT-III). PPVT-III is a 
norm-referenced test to assess an individual's receptive vocabulary ability (Dunn & 
Dunn, 1997). Participants were required to identify words based on a series of pictures. 
Raw scores of each participant were converted into normative scores to interpret the 
mental age in a typical population with similar verbal ability. 
Participants, whose mental age was lower than 3 years old, were not included in 
the data collection and analyses because participants whose cognitive developmental 
level is lower than 3 years old have no capabilities to rate their perceived exertion during 
a physical-demanding task (Groslambert, & Mahon, 2005). Thus, it was necessary to 
ensure that the instructions in the present study were understood. 
Manual Motor Performance Tests. Two manual motor performance tests 
were administered providing measures of force production (grip strength test) and fine 
manual dexterity (Purdue Pegboard test). Each test was preceded by a brief training 
procedure consisting of practice trials to ensure participants’ comprehension of the 
instructions. No corrective feedback was given during testing. 
Force Production Test. This test was used to measure hand grip strength in 
dominant and non-dominant hands using a dynamometer (Jamar hydraulic hand 
dynamometer #3001b; Sammons Preston Corp., Bolingbrook, IL). The participants’ 
shoulder adducted and neutrally rotated, elbow flexed at 90 degree, forearm and wrist 
neutrally positioned when standing according to the recommendations of American 
Society of Hand Therapist. After the participant was positioned appropriately they were  
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instructed to squeeze the handle as hard as they could to produce the maximum grip 
contraction. The procedure was repeated total three trials with 30 seconds rest between 
trials. The mean of three scores was recorded on each hand score. 
Purdue Pegboard Test. The Purdue Pegboard test had four cups at the top that 
contained from left to right; pegs, washers, sleeves, and pegs. Directly below the cups 
were two rows of holes that ran parallel to each other down the center of the board 
(Model#32020; Lafayette Instruments Company, Lafayette, IN). Adjacent to the first 
hole was a starting line that participants were asked to place the tips of the fingers on 
before each trial. The pegboard was placed on the edge of the table closest to the 
participants to ensure that the reach was comfortable, and distance to the target was 
held constant for all participants.  
Five distinct conditions were assessed, and three trials of each condition were 
completed. 1) Dominant hand: pegs were taken from the cup one at a time and placed in 
the column of holes on the dominant hand side starting at the top. The score was given 
for the number of pegs placed in 30 seconds. 2) Non-dominant hand:  pegs were taken 
from the cup one at a time and placed in a column of holes on the non-dominant hand 
side starting at the top. The score was given for the number of pegs placed in 30 seconds. 
3) Bimanual: pegs were taken from the right and left cups at the same time and placed in 
adjacent holes in a synchronized fashion. The score was determined by the number of 
pairs of pegs placed in 30 seconds. 4) Total: The subtest of total scores was not actually 
administrated. This score was calculated as the sum scores of the dominant hand, non-
dominant hand, and bimanual hands. 5) Assembly: pegs, washers, and collars were 
required to be placed by using alternating hands. The assembly subtest was limited to 60 
sec. This score represents the number of pieces assembled (i.e., pin, washer, collar,  
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second washer). The Purdue Pegboard test was scored by taking the average of the three 
trials completed in each condition. The total score was determined by averaging all three 
conditions (Tiffin & Asher, 1948).    
Executive Function Tests. Four executive function tests were administered 
providing measures of processing speed (two-choice reaction time task), attention 
shifting (The Dimensional Change Card Sorting Task; Zelazo, 2006), verbal fluency 
(NEPSY Verbal Fluency; Korkman, Kirk, & Kemp, 1998), and inhibitory control (NEPSY 
Knock and Tap; Korkman, Kirk, & Kemp, 1998). Each task was preceded by a brief 
training procedure consisting of practice trials to ensure participants’ comprehension of 
task instructions. No corrective feedback was given during test trials. 
Choice Reaction Time Test. The Choice reaction time Test (CRT) is a good 
indicator to measure processing speed. Participants were instructed to extend their right 
index finger to lightly touch the response button to a blue light and their left index finger 
to lightly touch the other response button to a white light. It was measured in 
millisecond (ms), in which participants were required to push a button as quickly as 
possible following a stimulus (i.e., either blue or white light). Each stimulus was 
presented in variable time after a verbal cue “ready” was given. Any extra movement 
from their hands, arms, and shoulders were eliminated during testing. Participants were 
given five practice trials to ensure his/her understanding of instructions and then 20 
testing trials were completed. The result of this test is the average of the 20 testing trials 
in which participants responded. 
Verbal Fluency Test. The Verbal Fluency served as one measure of inhibitory 
control in The Neuropsychological Assessment (NEPSY: Korkman et al., 1998). It was a 
test to evaluate the ability to form and fluently utter words compatible with given criteria 
in a short period of time. In the present study, the test consisted of four categories. The  
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first two parts consisted of listing as many words as possible that belong to a given 
semantic category in 60 seconds – names of animals (category 1) and names of food or 
drink (category 2). In the last two parts, the goal is to list as many words as possible that 
belong to a given phonetic category in 60 seconds – words beginning with the letter S 
(category 3) and words beginning with the letter F (category 4). The result of the test is 
the sum of the correct words listed across four categories. 
The Dimensional Change Card Sort Test. The Dimensional Change Card Sort Test 
(DCCS) was administered to assess attention-shifting ability. It displayed a blue rabbit or 
a red boat on a white background as two target cards for pre-switch, post-switch and 
border version. In pre-switch and post-switch phases, participants were required to 
match each sorting card with one targeted card on one dimension. In the pre-switch 
phase, the answer was correct when each sorting card matched a targeted card by color. 
Five out of six sorting cards needed to be matched correctly to proceed to the next 
condition. In the post-switch phase, the answer was correct when each sorting card 
matched a targeted card by shape. Five out of six sorting cards needed to be matched 
correctly to proceed to the next condition. 
 In the border version, participants were required to match each sorting card with 
one targeted card either by color or shape depending on if there was a border on the 
sorting card or not. If there is a border on the sorting card, the answer was correct when 
each sorting card matched a targeted card by color. If there is no border on the sorting 
card, the answer was correct when each sorting card matched a targeted card by shape. 
There were a total of 12 sorting cards. The result of this test is the sum of correct answers 
that participants matched. 
Knock and Tap Test. The Knock and Tap Test served as one measure of inhibitory 
control in The Neuropsychological Assessment (NEPSY: Korkman et al., 1998). The  
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Knock and Tap contains two sections of 15 items. In the first section, the participants 
were required to knock with their knuckles on the table or tap with the flat of their palm 
that is the opposite action to that of the examiner (e.g., participants knocked when the 
examiner tapped and participants tapped when the examiner knocked). In the second 
section, participants were required to knock or bang with the side of the fist or do 
nothing in response to different actions by the examiner (e.g., the participant knocked 
when the examiner used the side fist, banged with the side fist when the examiner 
knocked, and did nothing when the examiner tapped). The result of this test is the sum 
of the correct responses performed by the participants. 
 Intrinsic Motivation Questionnaire. Two subscales of the Post-Experiment 
Intrinsic Motivation Inventory (IMI) were used to measure participants’ perceived effort 
and enjoyment in the intervention. Participants responded to 15 items on a modified 3-
point scale. A previous study supported the validity of effort and enjoyment subscales 
and found that they positively related to intrinsic beliefs and physical effort for 
involvement in physical activity (Digelidis & Papaioannou, 1999).  
 
Procedure 
Day 1. Upon arriving, the parent/guardian completed an informed consent form 
and the participant signed an assent from. Next, the mental age of the participants was 
assessed using PPVT-III. The PAR-Q and the behavior checklist (e.g., medical history, 
musical and exercise background) were then administrated. Next, handedness, vision, 
hearing and body composition tests (e.g., height, weight, BMI) were measured.   
If participants were assigned in the exercise group as the intervention, they had 
the opportunity to familiarize themselves with the treadmill and walk on it following the 
testing protocol. This practice is used to determine the speed and incline to achieve 50%- 
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85% of their predicted maximum HR on the testing day. This accommodation period is 
important to eliminate any confounds associated with unfamiliarity with walking on a 
treadmill. 
Day 2 Experimental session. This study is a pre-post design in which 
participants either were assigned to the exercise group (i.e., walked on the treadmill) or 
to the attentional control group (i.e., watched a movie video)  intervention. The mental 
age and BMI were controlled between groups because previous studies have indicated 
relationships between executive function, intelligence (Arffa, 2007) and obesity (Smith, 
Hay, Campbell, & Trollor, 2011). 
The order of pre- and post-testing were counterbalanced across participants to 
reduce the possibility of learning or habituation effects. 
We modified the Children’s OMNI 1-10 walk/run Scale (Robertson, et al., 2000) 
for rating perceived exertion during walking to a four-point scale. The scale has four 
pictorial representations and corresponding numbers, ranging from 1 to 4.  The verbal 
descriptions were removed. A rating of “1” represents the statement that “The task is 
easy for me”.  This is depicted with a character walking with a smile on the bottom of 
the hill.  A rating of “4” represents the statement that “the task is too hard and I want to 
stop”.  This is depicted by a character with their eyes closed and almost falling down on 
the highest point of the hill.  
For the exercise group, the treadmill (NordicTrack summit 4500; NordicTrack 
Inc., Chaska, Minnesota) was used to perform a progressive walking protocol. This 
modified RPE Scale was explained to make sure each participant understood before 
testing. In addition, practice walking was given a week before the testing to eliminate 
unfamiliarity. During the warm-up stage, the treadmill speed was started at 0.5 mph 
and increased by 0.5 mph each minute until 2.0 mph was reached. During the test, the  
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speed was held constant between 2.0 - 3.0 mph determined by participants. While the 
treadmill incline was increased by 2.5% every four minutes until the walking protocol 
was completed (5 stages; 0% - 10% incline). During walking, the participant also wore a 
heart rate monitor (Polar s801i; Polar Electro Inc, Lake Success, NY).  Heart rate was 
monitored and kept between 50% and 85% of their predicted maximum HR which 
was suggested by the American College of Sport Medicine (2010) for moderate to 
vigorous aerobic training. The prediction of Max HR in individuals with DS is based on 
the formula developed by Fernhall et al. (2001), Predicted Max HR = 210- 0.56(age) - 
31. Participants w e r e  a l l o w e d  loosely hold the handrails while walking on the 
treadmill for safety purposes. In addition, participants were verbally encouraged 
to stay on the treadmill as long as possible. The total time for this walking protocol 
was 24 minutes, including the warm up stage. 
The test was stopped if any of the following conditions were presented; 
(a) participant’s heart rate reached above 85% of predicted maximum HR, (b) 
participant completed the entire walking protocol, or (c) participant indicated that 
they were too tired and/or did not want to continue. During the last 15 seconds 
of each stage, participants were asked to select a picture on the scale in response to 
their perception of exertion. The RPE response and the HR were both recorded. 
For the attentional control group, participants selected one of the 
movie videos provided by the researcher and watched it for 20 minutes.  
After the interventions, participants answered the intrinsic motivation 
inventory and performed all the motor and executive function tests again.   
 
Data Analysis 
One-way analysis of covariance (ANCOVA) was applied to examine differences in  
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posttest scores for various cognitive and motor control tasks among intervention groups 
(exercise and attentional control) controlling for pretest score (Huck & McLean, 1975). 
The ANCOVA was applied because participants were not randomly assigned into 
attentional control or exercise group and ANCOVA adjusted the preexisting differences. 
The pre-test score was a covariance, the different interventions were independent 
variables and the post-test score was a dependent variable in comparing cognitive and 
motor control tasks before and after the intervention using one-way ANCOVA.  
Statistical analyses were performed using SPSS 19.0, and statistical significance was 
assessed using an alpha level of .05. An estimate of the effect size for intervention group, 
partial eta squared (ηp2), was calculated for each dependent variable. 
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CHAPTER 4 
RESULTS 
The purpose of this experiment was to investigate the effects of a 20-min aerobic 
exercise on motor performance, executive function and intrinsic motivation in 
adolescent and young adults with DS. The first aim was to determine if aerobic exercise 
could improve two aspects of manual motor control. The second aim was to determine if 
aerobic exercise could improve four aspects of executive function. The third aim was to 
determine if aerobic exercise changed intrinsic motivation. Within these aims, the 
specific focus was to investigate the motor, cognitive and motivational responses 
following exercise versus seated video watching. 
Two participants were eliminated for further analysis. One participant in exercise 
group dropped out at the last stage of the treadmill walking protocol. One participant in 
the attention control was an outlier (i.e., above 2 SD) in the choice reaction time task. 
Thus, a total of twenty young adults with DS, aged 14-30 years, were analyzed for this 
experimental study (22 males, 8 females). The characteristics of these individuals are 
described in Table 1 below. An independent samples t-test showed no significant group 
differences in CA, MA, height, weight and BMI when equality of variances was assumed. 
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Table1. Descriptive statistics of participants 
 Group 
t value p value 
Attentional Control Exercise 
CA (years) 20.58±5.74 23.45±4.86 1.21 .24 
MA (years) 5.75±1.91 6.49±2.10 0.82 .43 
Height (cm) 150.18±7.90 144.09±9.87 -1.52 .15 
Weight (kg) 82.57±25.35 76.83±22.17 -0.54 .60 
BMI(kg/m2) 36.53±10.84 36.76±10.50 0.05 .96 
Maximum HR (%)* 
RPE* 
 65.31±9.42 
1.97±0.64 
  
 
Note. Maximum HR (%) = Percentage of Predicted Maximum Heart Rate. RPE= Rated 
of Perceived Exertion 
 * = During exercise 
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Motor Performance Tests 
Manual Force Production Test.  
 Dominant Hand. The mean and standard deviation of dominant hand are 
presented. In Table 2, before conducting the ANCOVA analysis, the assumption of the 
homogeneity of regression coefficients was first analyzed. The F test results (F=0.13, 
p=.72) did not reach the significant level, thus it meant the regression slope of the two 
groups were equivalent. This result confirmed the assumption of homogeneity of 
coefficients, so this study proceeded with the Analysis of Covariance.  
After adjusting the dependent effect with respect to the covariance (pre-test), this 
study found that the post-test score of the exercise group (M=22.66) was higher than 
that of the attentional control group (M=18.75). Moreover, the ANCOVA results reached 
the significant level (F=22.35, p<.01, Ƞp2=.57). Thus, as shown in Figure 1, the result 
indicated that the post-test of two groups were significantly different. Therefore, the 
acute bout of exercise intervention improved force production in the dominant hand in 
young adults with DS 
 
Table 2. Mean and Standard Deviation for Manual Force Production Test on Dominant 
Hand   
Group 
Manual Force 
Attentional Control Exercise 
Pre-test Post-test Pre-test Post-test 
Dominant Hand 20.00±7.73 17.13±6.09 24.16±5.83 24.28±5.10 
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Table 3. ANCOVA Results and Descriptive Statistics for Manual Force Production in 
Dominant Hand by Group Condition and Pre- Test 
Type of Training 
 Dominant Hand 
 Observed Mean Adjusted Mean SD N 
Exercise  24.28 22.66 5.10 10 
Attentional Control  17.13 18.75 6.09 10 
Source SS df MS F Ƞp2 
Pre-test  514.87 1 514.87   166.08*     .91 
Group 69.30 1 69.30    22.35*     .57 
Error 52.70 17 3.10   
Note. R2 = 0.94, Adj. R2 = 0.93, adjustments based on Pre-test mean = 22.08. 
Homogeneity of regression tested and not significant: F = 0.13, p>.05. 
           * p < .05 
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Figure 2. The performance of manual force production in dominant hand during 
pre- and post-test between exercise and attentional control group 
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 Non-Dominant Hand. The mean and standard deviation of the dominant 
hand are presented in Table 4. Before conducting ANCOVA analysis, the assumption of 
the homogeneity of regression coefficients was first analyzed. The F test results (F=1.76, 
p=.20) did not reach the significant level, thus it meant the regression slope of the two 
groups were equivalent. This result confirmed the assumption if homogeneity of 
coefficients, so this study proceeded with Analysis of Covariance.  
After adjusting the dependent effect with respect to the covariance (pre-test), this 
study found that the post-test score of the exercise group (M=21.86) was higher than that 
of the attentional control group (M=20.88). However, the ANCOVA results did not reach 
the significant level (F=0.58, p=.46, Ƞp2=.03). Thus, the result indicates that the post-
test of two groups were not significantly different. Therefore, the acute bout of exercise 
intervention did not improve force production in the non-dominant hand in young 
adults with DS. 
 
Table 4. Mean and Standard Deviation for Manual Force Production Test on Non-
Dominant Hand   
Group 
Manual Force 
Attentional Control Exercise 
Pre-test Post-test Pre-test Post-test 
Non-Dominant 19.23±8.56 18.36±6.88 25.28±5.68 24.37±6.23 
 
 
 
 
 
34 
  
Table 5. ANCOVA Results and Descriptive Statistics for Manual Force Production in 
Non-Dominant Hand by Group Condition and Pre- test 
Type of Training 
 Non-Dominant Hand 
 Observed Mean Adjusted Mean SD N 
Exercise  24.37 21.86 6.24 10 
Attentional Control  18.37 20.88 6.88 10 
Source SS df MS F   Ƞp2 
Pre-test  655.42 1 655.42 92.73* .85 
Group 4.09 1 4.09 0.58 .03 
Error 120.16 17 7.07   
Note. R2 = .89, Adj. R2 = .88, adjustments based on Pre- test mean = 22.25. 
Homogeneity of regression tested and not significant: F = 1.76, p>.05. 
           * p < .05 
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Purdue Pegboard Test. 
Dominant Hand. The mean and standard deviation of the dominant hand 
subtest are presented in Table 6. Before conducting the ANCOVA analysis, the 
assumption of the homogeneity of regression coefficients was first analyzed. The F test 
results (F=0.05, p=.83) did not reach the significant level, thus it means the regression 
slope of the two groups was equivalent. This result confirmed the assumption of 
homogeneity of coefficients, so this study proceeded with the Analysis of Covariance.  
After adjusting the dependent effect with respect to the covariance (pre-test), this 
study found that the post-test score of the exercise group (M=8.75) was higher than that 
of the attentional control group (M=8.12). However, the ANCOVA results did not reach 
the significant level (F=1.34, p=.26, Ƞp2=.07). Thus, the result indicated that the post-
tests of two groups were not significantly different. Therefore, the acute bout of exercise 
intervention did not improve performance in Purdue pegboard dominant hand subtest in 
young adults with DS. 
 
Table 6. Mean and Standard Deviation for Purdue Pegboard Test on Dominant Hand 
Subtest   
Group 
Purdue 
Attentional Control Exercise 
Pre-test Post-test Pre-test Post-test 
Dominant 7.37±2.77 7.57±2.44 8.73±1.80 9.30±1.94 
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Table 7. ANCOVA Results and Descriptive Statistics for Purdue Pegboard Dominant 
Hand Subtest by Group Condition and Pre - test 
Type of Training 
 Dominant Hand 
 Observed Mean Adjusted Mean SD N 
Exercise  9.30 8.75 1.94 10 
Attentional Control  7.57 8.12 2.23 10 
Source SS Df MS F    Ƞp2 
Pre-test 64.01 1 64.01 46.73* .73 
Group 1.83 1 1.83 1.34 .07 
Error 23.29 17 1.37   
Note. R2 = .77, Adj. R2 = .75, adjustments based on Pre-test = 8.05. Homogeneity of 
regression tested and not significant: F = 0.05, p>.05. 
           * p < .05 
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Non-Dominant Hand. The mean and standard deviation of the non-dominant 
hand subtest is presented in Table 8. Before conducting ANCOVA analysis, the 
assumption of the homogeneity of regression coefficients was first analyzed. The F test 
results (F=2.54, p=.13) did not reach the significant level, thus it meant the regression 
slope of the two groups were equivalent. This result confirmed the assumption of 
homogeneity of coefficients, so this study proceeded with the Analysis of Covariance.  
After adjusting the dependent effect with respect to the covariance (pre-test), this 
study found that the post-test score of the exercise group (M=7.98) was not higher than 
that of the attentional control group (M=8.42). Furthermore, the ANCOVA results did 
not reach the significant level (F=0.98, p=.34, Ƞp2=.05). Thus, the result indicated that 
the post-test of two groups were not significantly different. Therefore, the acute bout of 
exercise intervention did not improve performance in Purdue pegboard non-dominant 
hand subtest in young adults with DS. 
 
Table 8. Mean and Standard Deviation for Purdue Pegboard Test on Non-Dominant 
Hand Subtest 
Group 
Purdue 
Attentional Control Exercise 
Pre-test Post-test  Pre-test Post-test 
Non-Dominant 7.77±1.89 8.43±2.27  7.73±1.63 7.96±1.54 
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Table 9. ANCOVA Results and Descriptive Statistics for Purdue Pegboard Non-Dominant 
Hand Subtest by Group Condition and Pre- test 
Type of Training 
 Non-Dominant Hand 
 Observed Mean Adjusted Mean SD N 
Exercise  7.96 7.98 1.54 10 
Attentional Control  8.43 8.42 2.28 10 
Source SS Df MS     F    Ƞp2 
Pre-test  51.61 1 51.61 53.14* .76 
Group 0.95 1 0.95 0.98 .05 
Error 16.51 17 0.97   
Note. R2 = .79, Adj. R2 = .76, adjustments based on Pre-test mean = 7.75. Homogeneity 
of regression tested and not significant: F = 2.54, p>.05. 
           * p < .05 
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Bimanual Hand. The mean and standard deviation of the bimanual hand 
subtest is presented in Table 10. Before conducting the ANCOVA analysis, the 
assumption of the homogeneity of regression coefficients was first analyzed. The F test 
results (F=0.86, p=.37) did not reach the significant level, thus it meant the regression 
slope of the two groups were equivalent. This result confirms the assumption of 
homogeneity of coefficients, so this study proceeded with the Analysis of Covariance.  
After adjusting the dependent effect with respect to the covariance (pre-test), this 
study found that the post-test score of the exercise group (M=5.57) was not higher than 
that of the attentional control group (M=5.76). Furthermore, the ANCOVA results did 
not reach the significant level (F=0.30, p=.59, Ƞp2=.02). Thus, the result indicated that 
the post-test of two groups were not significantly different. Therefore, the acute bout of 
exercise intervention did not improve performance in Purdue pegboard bimanual hand 
subtest in young adults with DS. 
 
Table 10. Mean and Standard Deviation for Purdue Pegboard Test on Bimanual Hand 
Subtest   
Group 
Purdue 
Attentional Control Exercise 
Pre-test Post-test  Pre-test Post-test 
Bimanual 5.20±1.79 5.50±2.15  5.70±1.26 5.83±1.31 
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Table 11. ANCOVA Results and Descriptive Statistics for Purdue Pegboard Bimanual 
Hand Subtest by Group Condition and Pre- test 
Type of Training 
 Bimanual Hand 
 Observed Mean Adjusted Mean SD N 
Exercise  5.83 5.57 1.31 10 
Attentional Control  5.50 5.76 2.15 10 
Source SS Df MS F   Ƞp2 
Pre-test  46.81 1 46.81 77.92* .82 
Group 0.18 1 0.18 0.30 .02 
Error 10.21 17 0.60   
Note. R2 = 0.82, Adj. R2 = 0.80, adjustments based on Pre- test mean = 5.45. 
Homogeneity of regression tested and not significant: F = 0.86, p>.05. 
           * p < .05 
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Total. The mean and standard deviation of total subtest presented in Table 12. 
Before conducting ANCOVA analysis, the assumption of the homogeneity of regression 
coefficients was first analyzed. The F test results (F=0.04, p=.84) did not reach the 
significant level, thus it means the regression slope of the two groups were equivalent. 
This result confirmed the assumption of homogeneity of coefficients, so this study 
proceeded with the Analysis of Covariance.   
After adjusting the dependent effect with respect to the covariance (pre-test), this 
study found that the post-test score of the exercise group (M=22.20) was not higher than 
that of the attentional control group (M=22.47) and the ANCOVA results did not reach 
the significant level (F=0.12, p=.74, Ƞp2=.07). Thus, the result indicated that the post-test 
of two groups were not significantly different. Therefore, the acute bout of exercise 
intervention did not improve performance in Purdue pegboard bimanual hand subtest in 
young adults with DS. 
 
Table 12. Mean and Standard Deviation for Purdue Pegboard Test on Total subtest   
Group 
Purdue 
Attentional Control  Exercise 
Pre-test Post-test  Pre-test Post-test 
Total 20.33±6.11 21.53±6.49  22.13±4.03 23.13±4.60 
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Table 13. ANCOVA Results and Descriptive Statistics for Purdue Pegboard Total Subtest 
by Group Condition and Pre- test 
Type of Training 
 Total 
 Observed Mean Adjusted Mean SD n 
Exercise  23.13 22.20 4.60 10 
Attentional Control  21.53 22.47 6.49 10 
Source SS Df MS        F    Ƞp2 
Pre-test  519.50 1 519.50 178.71* .91 
Group 0.34 1 0.34   0.12 .07 
Error 49.42 17 2.91   
Note. R2 = 0.92, Adj. R2 = 0.91, adjustments based on Pre-Total mean = 21.23. 
Homogeneity of regression tested and not significant: F = 0.04, p>.05. 
           * p < .05 
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Assembly Hand. The mean and standard deviation of assembly subtest is 
presented in Table 14. Before conducting ANCOVA analysis, the assumption of the 
homogeneity of regression coefficients was first analyzed. The F test results (F=0.27, 
p=.61) did not reach the significant level, thus it meant the regression slope of the two 
groups were equivalent. This result confirmed the assumption of homogeneity of 
coefficients, so this study proceeded with the Analysis of Covariance.  
After adjusting the dependent effect with respect to the covariance (pre-test), this 
study found that post-test score of the exercise group (M=12.10) was not higher than that 
of the attentional control group (M=12.60) and the ANCOVA results did not reach the 
significant level (F=0.32, p=.58, Ƞp2=.02). Thus, the result indicates that the post-test of 
two groups were not significantly different. Therefore, the acute bout of exercise 
intervention did not improve performance in Purdue pegboard assembly subtest in 
young adults with DS. 
 
Table 14. Mean and Standard Deviation for Purdue Pegboard Test on Assembly subtest   
Group 
Purdue 
Attentional Control  Exercise 
Pre-test Post-test  Pre-test Post-test 
Assembly 10.17±3.28 12.03±4.64  11.13±2.11 12.67±2.53 
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Table 15. ANCOVA Results and Descriptive Statistics for Purdue Pegboard Assembly 
Subtest by Group Condition and Pre- test 
Type of Training 
 Assembly 
 Observed Mean Adjusted Mean SD N 
Exercise  12.67 12.10 2.53 10 
Attentional Control  12.03 12.60 4.64 10 
Source SS Df MS F   Ƞp2 
Pre-test 187.97 1 187.97 50.23* .75 
Group 1.20 1 1.20 0.32 .02 
Error 63.61 17 3.74   
Note. R2 = 0.75, Adj. R2 = 0.72, adjustments based on Pre-test mean = 10.65. 
Homogeneity of regression tested and not significant: F = 0.27, p>.05. 
           * p < .05 
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Executive Function Tests 
 Choice Reaction Time Test. The mean and standard deviation of choice 
reaction time test are presented in Table 16. Before conducting the ANCOVA analysis, 
the assumption of the homogeneity of regression coefficients was first analyzed. The F 
test results (F=0.25, p=.62) did not reach the significant level, thus it meant the 
regression slope of the two groups is equivalent. This result confirms the assumption of 
homogeneity of coefficients, so this study proceeded with the Analysis of Covariance.  
After adjusting the dependent effect with respect to the covariance (pre-test), the 
post-test score of the exercise group (M=503.38) was lower (i.e., faster) than that of the 
attentional control group (M=540.21). However, the ANCOVA results did not reach the 
significant level (F=1.05, p=.32, Ƞp2=.06). Thus, the result indicated that the post-test of 
two groups were not significantly different. Therefore, the acute bout of exercise 
intervention did not improve processing speed in young adults with DS. 
 
Table 16. Mean and Standard Deviation for Choice Reaction Time Test  
Group 
CRT 
Attentional Control Exercise 
Pre-test Post-test  Pre-test Post-test 
RT 619.88±140.98 579.61±133.06  508.34±56.90 468±56.92 
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Table 17. ANCOVA Results and Descriptive Statistics for Choice Reaction Time by Group 
Condition and Pre-test 
Type of Training 
 Choice Reaction Time 
 Observed Mean Adjusted Mean SD n 
Exercise  468.98 503.38 56.93 10 
Attentional Control  579.61 540.21 133.06 10 
Source SS Df MS F   Ƞp2 
Pre-Choice Reaction Time 79135.59 1 79135.59 12.30* .42 
Group 6736.45 1 6736.45 1.05 .06 
Error 109381.38 17 6434.20   
Note. R2 = .56, Adj. R2 = .51, adjustments based on Pre- test mean = 564.11. 
Homogeneity of regression tested and not significant: F = 0.25, p>.05. 
           * p < .05 
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Verbal Fluency Test. 
 Semantic Fluency. The mean and standard deviation of semantic fluency are 
presented in Table 18. Before conducting the ANCOVA analysis, the assumption of the 
homogeneity of regression coefficients was first analyzed. The F test results (F=3.98, 
p=.06) did not reach the significant level, thus it meant the regression slope of the two 
groups were equivalent. This result confirmed the assumption of homogeneity of 
coefficients, so this study proceeded with the Analysis of Covariance.  
After adjusting the dependent effect with respect to the covariance (pre-test), this 
study found that the post-test score of the exercise group was higher (M=18.55) than that 
of the attentional control group (M=17.26). However, the ANCOVA results did not reach 
the significant level (F=0.42, p=.53, Ƞp2=.02). Thus, the post-test of two groups were not 
significantly different. Therefore, the acute bout of exercise intervention did not improve 
semantic fluency in young adults with DS. 
 
Table 18. Mean and Standard Deviation for Verbal Fluency on Semantic Fluency  
Group 
 Attentional Control Exercise 
Verbal  Fluency Pre-test Post-test  Pre-test Post-test 
Semantic 16.40±10.99 17.60±10.36  15.50±7.92 18.20±6.16 
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Table 19. ANCOVA Results and Descriptive Statistics for Semantic Fluency Test by 
Group Condition and Pre-test 
Type of Training 
 Verbal Fluency 
 Observed Mean Adjusted Mean SD N 
Exercise  18.20 18.55 6.16 10 
Attentional Control  17.60 17.26 10.36 10 
Source SS Df MS F     Ƞp2 
Pre-test  969.51 1 969.51 48.70* .74 
Group 8.31 1 8.31 0.42 .02 
Error 338.49 17 19.91   
Note. R2 = .79, Adj. R2 = .75, adjustments based on Pre-test mean = 15.96. Homogeneity 
of regression tested and not significant: F = 3.98, p>.05. 
            * p < .05 
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Phonetic Fluency. The mean and standard deviation of phonetic fluency are 
presented in Table 20. Before conducting the ANCOVA analysis, the assumption of the 
homogeneity of regression coefficients was first analyzed. The F test results (F=0.60, 
p=.45) did not reach the significant level, thus it meant the regression slope of the two 
groups were equivalent. This result confirmed the assumption of homogeneity of 
coefficients, so this study proceeded with the Analysis of Covariance.  
After adjusting the dependent effect with respect to the covariance (pre-test), this 
study found that the post-test score of the exercise group (M=7.37) was not higher than 
that of the attentional control group (M=8.61) and the ANCOVA results did not reach the 
significant level (F=1.48, p=.24, Ƞp2=.08). Thus, the post-test of two groups were not 
significantly different. Therefore, the acute bout of exercise intervention did not improve 
semantic fluency in young adults with DS. 
 
Table 20. Mean and Standard Deviation for Verbal Fluency on Phonetic Fluency  
Group 
Verbal Fluency 
Attentional Control Exercise 
Pre-test Post-test  Pre-test Post-test 
Phonetic 5.80±4.61 8.10±6.35  6.60±4.88 7.80±5.53 
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Table 21. ANCOVA Results and Descriptive Statistics for Phonetic Fluency Test by Group 
Condition and Pre- test 
Type of Training 
 Verbal Fluency 
 Observed Mean Adjusted Mean SD N 
Exercise  7.80 7.37 5.53 10 
Attentional Control  8.10 8.61 6.35 10 
Source SS Df MS F    Ƞp2 
Pre-test  551.99 1 551.99 108.47* .87 
Group 7.54 1 7.54  1.48 .08 
Error 86.51 17 5.09   
Note. R2 = .87, Adj. R2 = .85, adjustments based on Pre- test mean = 6.20. Homogeneity 
of regression tested and not significant: F = 0.60, p>.05. 
            * p < .05 
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Total. The mean and standard deviation of verbal fluency are presented in Table 
22. Before conducting the ANCOVA analysis, the assumption of the homogeneity of 
regression coefficients was first analyzed. The F test results (F=2.67, p=.06) did not 
reach the significant level, thus it means the regression slope of the two groups were 
equivalent. This result confirmed the assumption of homogeneity of coefficients, so this 
study proceeded with the Analysis of Covariance.  
After adjusting the dependent effect with respect to the covariance (pre-test), this 
study found that the post-test score of the exercise group (M=24.29) was not higher than 
that of the attentional control group (M=25.51) and the ANCOVA results did not reach 
the significant level (F=.14, p=.53, Ƞp2=.01). Thus, the post-test of two groups were not 
significantly different. Therefore, the acute bout of exercise intervention did not improve 
verbal fluency in young adults with DS. 
 
Table 22. Mean and Standard Deviation for Verbal Fluency on total 
Group 
Verbal Fluency 
Attentional Control Exercise 
Pre-test Post-test  Pre-test Post-test 
Total 22.50±14.68 25.70±16.45  22.10±10.80 24.10±11.32 
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Table 23. ANCOVA Results and Descriptive Statistics for Verbal Fluency Test by Group 
Condition and Pre-test 
Type of Training 
 Verbal Fluency 
 Observed Mean Adjusted Mean SD N 
Exercise  24.10 24.29 11.32 10 
Attentional Control  25.70 25.51 16.45 10 
Source SS Df MS F    Ƞp2 
Pre-Verbal Fluency  2675.97 1 2675.97 49.34* .75 
Group 7.46 1 7.46 0.14 .01 
Error 911.03 17 53.59   
Note. R2 = .75, Adj. R2 = .72, adjustments based on Pre-test mean = 22.30. Homogeneity 
of regression tested and not significant: F = 2.67, p>.05. 
           * p < .05 
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Dimensional Change Card Sorting Test. The mean and standard deviation 
of the dominant hand are presented in Table 24. Before conducting ANCOVA analysis, 
the assumption of the homogeneity of regression coefficients was first analyzed. The F 
test results (F=3.64, p=.08) did not reach the significant level, thus it meant the 
regression slope of the two groups were equivalent. This result confirmed the 
assumption of homogeneity of coefficients, so this study proceeded with the Analysis of 
Covariance.  
After adjusting the dependent effect with respect to the covariance (pre-test), this 
study found that the post-test score of the exercise group (M=14.28) was higher than that 
of the attentional control group (M=11.33). However, the ANCOVA results did not reach 
the significant level (F=2.12, p=.13, Ƞp2=.11). Thus, the post-test of the two groups were 
not significantly different. Therefore, the acute bout of exercise intervention did not 
improve attention shifting in young adults with DS. 
 
Table 24. Mean and Standard Deviation for Dimensional Card Sorting Test  
Group 
Card Sorting 
Attentional Control Exercise 
Pre-test Post-test  Pre-test Post-test 
Scores 10.90±7.16 10.10±6.70  14.40±6.77 15.50±5.93 
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Table 25. ANCOVA Results and Descriptive Statistics for Dimensional Change Card 
Sorting Test by Group Condition and Pre- test 
Type of Training 
 Dimensional Change Card Sorting Test 
 Observed Mean Adjusted Mean SD N 
Exercise  15.50 14.28 5.93 10 
Attentional Control  10.10 11.33 6.67 10 
Source SS df MS F Ƞp2 
Pre-DCCS 427.62 1 427.62 22.32* .57 
Group 40.68 1 40.68 2.12 .11 
Error 325.78 17 19.16   
Note. R2 = .64, Adj. R2 = .60, adjustments based on Pre-test mean = 12.65. Homogeneity 
of regression tested and not significant: F = 3.64, p>.05. 
           * p < .05 
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Knock and Tap Test. The mean and standard deviation of knock and tap are 
presented in Table 26. Before conducting the ANCOVA analysis, the assumption of the 
homogeneity of regression coefficients was first analyzed. The F test results (F=2.86, 
p=.11) did not reach the significant level, thus it meant the regression slope of the two 
groups were equivalent. This result confirmed the assumption of homogeneity of 
coefficients, so this study proceeded with the analysis of covariance.  
After adjusting the dependent effect with respect to the covariance (pre-test), this 
study found that the post-test score of the exercise group (M=20.83) was higher than 
that of the attentional control group (M=17.47). Furthermore, the ANCOVA results 
reached the significant level (F=5.49, p=.03, Ƞp2=.24). Thus, as shown in Figure 1, the 
post-test of the two groups were significantly different. Therefore, the acute bout of 
exercise intervention improved inhibitory control in young adults with DS. 
 
Table 26. Mean and Standard Deviation for Knock and Tap test  
Group 
Knock & Tap 
Attentional Control Exercise 
Pre-test Post-test  Pre-test Post-test 
Scores 16.30±10.86 15.50±10.23  21.10±7.29 22.80±5.37 
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Table 27. ANCOVA Results and Descriptive Statistics for Knock and Tap by Group 
Condition and Pre- test 
Type of Training 
 Knock and Tap 
 Observed Mean Adjusted Mean SD N 
Exercise  22.80 20.83 5.37 10 
Attentional Control  15.50 17.47 10.23 10 
Source SS Df MS F Ƞp2 
Pre-test  1039.58 1 1039.58 108.75* .87 
Group 52.44 1 52.44 5.49* .24 
Error 162.52 17 9.56   
Note. R2 = .89, Adj. R2 = .88, adjustments based on Pre-test mean = 18.70. Homogeneity 
of regression tested and not significant: F = 2.86, p>.05. 
           * p < .05 
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Figure 3. The performance of knock-tape test during pre- and post-test  
between exercise and attentional control group 
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Intrinsic Motivation Scale 
Table 28. Mean and Standard Division for the Intrinsic Motivation Scale 
 Group 
t value p value 
Attentional Group Exercise Group 
Enjoyment 18.30±1.06 18.10±2.33 -0.25 .81 
Effort 10.70±1.16 12.60±2.31 2.32 .03* 
Intrinsic Motivation 29.00±1.15 30.70±4.47 1.16 .26 
* p < .05 
In order to test the efficacy of a 20-min aerobic exercise intervention for intrinsic 
motivation, an independent samples t-test was conducted. These results indicate that the 
attentional group showed more enjoyment (M=18.30, SD=1.06) following video 
watching than individuals in the exercise group (M=18.10, SD=2.33). In addition, 
participants with DS were able to perceive physical exertion. This test was found to be 
statistically significant in an effort subscale, t(18) = 2.32, p=.03; d =1.04. The exercise 
group (M=10.70, SD=1.16) showed higher scores than the attentional group (M=12.60, 
SD=2.31). The effect size for this analysis (d = 1.04) was found to exceed Cohen’s (1988) 
convention for a large effect (d = .80). 
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Chapter 5 
DISCUSSION 
Cognition, Motor & Exercise 
This study indicates that an acute bout of 20-min aerobic treadmill walking 
improved manual motor control in manual force production on the dominant hand and 
executive function in inhibitory control more than the attentional control group  in 
adolescents and young adults with DS. One explanation of this improvement is the 
arousal hypothesis. Kasari, Mundy, Yirmiya and Sigman (1990) indicated that persons 
with DS usually showed a neutral response style caused by lower levels of arousal. In the 
current study, participants’ heart rate was raised up to 66% of their predicted Max HR 
and RPE scale was elevated to 1.97 out of 4 during the duration of walking on the 
treadmill. Based on previous studies, HR and RPE can be regarded as physiological 
variables to represent arousal level (Ohsuga et al., 2011; VaezMousavi & Osanlu, 2011). 
Thus, this 20-min aerobic treadmill walking may enhance participants’ arousal level. 
Thus, after exercise, participants were able to further narrow down their attention to 
relevant information and avoid distraction during testing and improved their manual 
force production and inhibitory control.  
Another explanation for the improvement in manual force production  and 
inhibitory control following exercise is the increased cerebral blood flow, capillary 
growth and motor neuron density (e.g., angiogenesis) (Akazawa, et al., 2012; Carreras et 
al., 2010; Swain et al., 2003) and expression of neurotransmitters, such as brain-derived 
neurotrophic factor (BDNF), insulin-like growth factor (IFG-1) and fibroblast growth 
factor (FGF-2), which are crucial for learning and memory, in the prefrontal and motor 
areas (Cotman & Berchtold, 2002;  Swift et al., 2012). Especially, the levels of frontal 
BDNF protein have been shown to be diminished and correlated to working memory in  
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the DS mice model (Bimonte-Nelson, Hunter, Nelson & Granholm, 2003). Another study 
also indicated that increased glucose enhanced cognitive performance and auditory 
processing in adults with DS (Manning, Honn, Stone, Jane & Gold,1998). Hence, our 
data suggests that the changes in endocrinological levels that result in the reorganization 
of neural circuit and cerebral structure mediated by exercise may be related to the 
improvement in manual force production and inhibitory control. 
Further, these changes in cerebral areas elicited by an acute bout of exercise have 
also been supported by many neuroimaging studies (Hillman, Snook & Jerome, 2003; 
Kumar, Singh, Sood, Saksh, Roy & Behera, 2012; Moraes et al., 2007; Yanagisawa et al., 
2010). For example, Moraes et al. (2007) conducted electroencephalographic (EEG) 
technology to measure alpha and beta band frequencies in healthy participants. After an 
8-min graded cycling test with 90% of Max HR, they found beta band frequency was 
elevated during the recovery period in left prefrontal (Fp1), bilateral frontal (F3 and F4) 
and motor (C4) areas. Researchers noted that this elevation may be vital for the 
improvement in motor and executive function. In addition, Yanagisawa et al. (2010) 
conducted an acute bout of moderate intensity exercise with 50% of VO2max in healthy 
adults. Similarly, they found an enhancement in the left dorsolateral prefrontal cortex as 
measured by functional near-infrared spectroscopy as well as a significant improvement 
in the Stroop test, an alternative test of inhibitory control, after exercise intervention. 
Thus, consistent with previous research in healthy adults, in the current study, it is 
evident an  acute bout of exercise may lead to brain activation in the prefrontal and 
motor areas and further cause the improvement of manual force production and 
inhibitory control in adolescents and young adults with DS. 
Moreover, this rhythmic physical activity of treadmill walking may stimulate 
more peripheral sensory inputs from the continuous movement of the lower extremities  
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to the motor cortex than the attentional control group (Ridgel et al., 2009). The motor 
cortex is also in control of movement of the non-exercise effectors (e.g., upper 
extremities). Hence, this excitation may induce the synaptic potentiation between 
neurons within the motor cortex. As for the attentional control group, their manual force 
production degenerated after intervention. This is a viable explanation why participants 
improved their manual force production after the exercise intervention. However, 
consistent with Soyupek et al. (2006), this significant improvement was only found on 
the dominant hand although the non-dominant was improved as well. One possible 
explanation might be the asymmetric handedness of neural recruitment. The motor units, 
the recruitment threshold, firing rate and discharge variability on the dominant hand are 
lower when compared with the non-dominant hand (Adam, de Luca & Erim, 1998). 
Therefore, the dominant hand is enhanced easily by the stimulation of exercise. That 
may explain why only the dominant hand in the force production test was evident in the 
current study.  
In summary, physiologically, exercise may result in the increase in blood flow and 
the expression of neurotransmitters to stimulate prefrontal and motor areas of the brain. 
Psychologically, exercise may elevate higher arousal level among participants which 
improved their ability to pay more attention to relevant information.  Motorically, 
exercise may reinforce the neuronal connections in the motor cortex through peripheral 
sensory inputs from the lower extremities. As a result, adolescent and young adults with 
DS improved their manual force production and inhibitory control after an acute bout of 
20-min aerobic treadmill walking. 
 
Why Only Manual Force Production and Inhibitory Control Were Evident? 
 However, this study indicates that an acute bout of 20-min aerobic treadmill  
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walking did not improve processing speed, attention shifting, verbal fluency and fine 
manual dexterity more than the attentional control group.  Inconsistent with previous 
studies in typical populations, acute bouts of aerobic exercise were able to improve 
different aspects of executive function, such as reaction time (Hogervorst, Riedel, 
Jeukendrup & Jolles, 1996), attention shifting (Ridgel, Kim, Fickes, Muller, & Alberts, 
2011) and verbal fluency (Baker et al., 2010). One possible explanation might be the 
small sample size. As matter of fact, the exercise group performed better than the 
attentional control group in the two-point choice reaction time and the Dimensional 
Card Sorting tests with the moderate to strong effect sizes. Our results were very 
meaningful but needed to be replicated with a larger sample to ensure the effectiveness 
of exercise intervention. 
Furthermore, the low exercise intensity may be another reason for the lack of 
significance in. First, the mean exercise intensity performed in the current study was 
66% of the participants’ maximum HR, which was equivalent to 50% VO2max (Swain, 
Abernathy, Smith, Lee & Bunn, 1994). In the current study, most participants actually 
performed a moderate aerobic exercise but one participant’s maximum HR was 
approached in the vigorous level. Based on previous studies, Hillman et al. (2009) found 
preadolescents improved their inhibitory control, assessed by modified Flanker test, 
after a 20-min treadmill walking at 60% of their maximum HR. Also, Yanagisawa et al. 
(2010) found healthy adults improved their inhibitory control, assessed by the Stroop 
test, after a 15-min cycling exercise at 50% of VO2max. However, this moderate exercise 
intensity was not able to improve other aspects of executive function. Drollette, Shishido, 
Pontifex and Hillman (2012) evaluated the effect of an acute bout of moderate treadmill 
walking at 46% VO2max on a modified Flanker task and a modified spatial n-back task to 
assess inhibitory control and working memory, respectively. The improvement was only  
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observed for the flanker task following exercise. In addition, Coles and Tomporowski 
(2008) conducted a 40-min moderate aerobic cycling exercise at 60% of VO2max. They 
found exercise did not facilitate attention shifting, short-term memory and long-term 
memory but did improve inhibitory control in healthy young adults. Thus, it seems that 
only inhibitory control can be improved at the similar moderate exercise intensity level. 
This may lead to a conclusion that inhibitory control may be more sensitive to moderate 
aerobic exercise intensity than other aspects of executive function.  
In addition, Lambourne and Tomporowski (2010) conducted a meta-regression 
analysis of the effects of acute exercise on cognitive performance. They found that 
cognitive performance was affected differentially by exercise mode. Cycling exercise was 
associated with enhanced performance during and after exercise, whereas treadmill 
running led to impaired performance during exercise and a small improvement in 
performance following exercise. Their findings may further explain why the benefits in 
executive function were limited to inhibitory control because the treadmill exercise 
modality may not be the good option for persons with DS.  
With respect to manual motor performance, in the current study, adolescents and 
young adults with DS only improved manual force production but not fine manual 
dexterity. The possible explanation might be the existence of a different inverted-U 
relationship for the gross or fine motor movements. Oxendine (1970) suggested that a 
high level of arousal was necessary for optimal performance in gross motor activities that 
involved in larger muscle groups (e.g., grip strength, Darke, 1980); however, a  much 
lower level of arousal was deemed for fine motor skills to achieve optimal performance 
(e.g., manual dexterity). Our previous Assisted Cycle Therapy (ACT) study found young 
adults with DS improved their manual dexterity assessed by unimanual and bimanual 
Purdue Pegboard test at 54 % of their maximum HR (Chen, Ringebach, & Albert,  in  
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press). The exercise intensity was lower than that in the current study. Thus, the arousal 
level enticed by 20-min aerobic treadmill walking may be optional for manual force 
production, but not for fine manual dexterity in the current study.  
Moreover, the variability in physical fitness levels among participants may be 
another potential confounding factor. Dietrich (2006) proposed that exercise can induce 
the state of hypofrontality that will influence cognitive performance. His transient 
hypofrontality theory (THT) suggests that physical and cognitive demands competitively 
share a limited information processing capacity during exercise. Because extensive 
neural activation is required to perform motor performance, perceive sensory inputs and 
regulate autonomic system during exercise, the decreased neural activity in cognition, 
such as the prefrontal areas, will impede cognitive performance. Budde et al., (2012) 
recently suggested that Dietrich’s THT may still be applied during the recovery period of 
exercise. They found sustained and selective attention was only improved among 
physically active healthy students after an intermittent incremental exercise. In the 
current study, based on parental report in the Godin-Shephard Leisure-Time Exercise 
Questionnaire (Godin & Shephard, 1985) to estimate leisure time physical activity levels 
among participants, half of the participants in the exercise group can be considered as 
insufficiently physically active according to the cut-offs determined by García 
Bengoechea, Spence and McGannon (2005). Thus, those participants who had high 
fitness levels may be able to pay more attention on the cognitive tests because of the 
lower physical demand of the treadmill walking. As for those inactive participants who 
may still perceive a high physical load and could not spare enough metabolic resource on 
motor and executive function tests after intervention. Therefore, the variability in 
physical fitness may result in the limited improvements of motor and cognitive 
performance in some participants.  
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According to the meta-analysis of Chang et al. (2010), the most benefit on 
cognition was pronounced immediately after exercise intervention with moderate 
exercise intensity. In the current study, many participants requested to have a water 
break or go to the restroom after completion of treadmill walking protocol. Because the 
executive function tests were not always conducted right after the intervention, the 
positive effect on other aspects of cognitive control may be decreased. Even so, Joyce, 
Graydon, McMorris and Davranche (2009) found the beneficial effects of exercise still 
remained present on cognitive performance up to 52 minutes after a 30-min cycling 
intervention at moderate intensity. Also, a similar effect of a signal bout of moderate 
exercise was found 48 minutes after the completion of a treadmill exercise in young 
adults (Hillman, Snook, & Jerome, 2003). These may explain why the exercise group 
performed faster, but not quite significantly, processing speed and better attention 
shifting abilities than the attentional control group after intervention. Thus, the 
robustness of improving inhibitory control in this study may still be evident even though 
there was a time delay. 
Additionally, some cerebral deficits in persons with DS should be also taken in 
account. For example, persons with DS have significantly more verbal preservation than 
the  typical population (Abbeduto et al., 2006). When performing the verbal fluency test, 
the same words may be produced several times because of their excessive self-repetition 
behavior. Further, persons with DS have deficits in verbal ability because of the atypical 
cerebral specialization for verbal perception in the right hemisphere (Elliott, Weeks & 
Chua, 1994; Megan, Maraj, Weeks & Chua, 2003). The relevant verbal information may 
be lost or delayed when transferred to verbal production in the left hemisphere.  Also, 
the impaired plasticity in the motor cortex is seen in DS mice model (Cowley et al., 2012) 
as well as persons with DS (Battaglia et al., 2008). Researchers applied transcranial  
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magnetic stimulation in the sensorimotor area in persons with DS. They found persons 
with DS showed less synaptic plasticity than their chronological age-matched peers. 
Hence, the abnormalities of cerebral specialization in verbal processing and reduced 
synaptic plasticity in the motor cortex among persons with DS may cause these 
inconsistent results in the current study. 
In summary, the external factors, such as exercise intensity and exercise mode, 
and the internal factors, such as physical fitness levels and cerebral deficits in verbal 
processing and motor neural plasticity, may induce the limited improvements in motor 
performance and executive function in the current study. Future studies should consider 
these possible factors when investigating the effect of exercise on motor and cognitive 
performance in this population.    
 
Benefits of the Attentional Control Group 
Interestingly, consistent with previous meta-analysis, it seems that similar 
benefits may be derived following a short bout of seated video participation. The possible 
reasons may be the interplay between positive mood and high arousal that enhance 
recognition memory. First, based on the arousal theory, participants’ arousal levels in the 
attentional control group may be elevated to some extent after seated video watching. As 
for the mood status, the attentional control group was requested to select a preferred 
video before intervention, so they showed higher scores in enjoyment subscale, as 
assessed by an intrinsic motivation questionnaire than the exercise group. According to 
the study of Greene, Bahri and Soto (2010), they found participants performed better in 
a sequential memory recognition task of selected monochrome abstract shapes after the 
exposure of a condition with positive mood and high arousal levels. This prefrontal- 
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hippocampal network may help the participants in the attentional control group gain the 
benefits in the ability to recognize previously encountered rules and objects during the 
post-test.  
Furthermore, neuroimaging studies have identified that the anterior cingulate 
cortex (ACC) is a part of a circuit involved in a form of attention that also serves to 
regulate motor control, cognition and arousal state (Bush, Luu, & Posner, 2000; Lane et 
al., 1998; Paus, 2001;). For example, Bush, Luu and Posner (2000) found activation on 
the cognitive division of the ACC while involved in the Stroop-like tasks, divided-
attention tasks, and verbal- and motor-response selection tasks as well as the activation 
on the affective division of ACC while involved in emotional processing in healthy 
participants. Also, Phillips, Bull, Adams and Fraser (2002) found college healthy 
students who were in a happy mood condition had better performance on a verbal 
fluency task compared with the neutral condition group. Thus, the higher feeling of 
enjoyment in the attentional control group may result in high brain activity on the ACC 
and further contributed to their improvements in motor and cognitive performance 
during the post-test, which limited our differences between the exercise and attentional 
control groups. 
Surprisingly, the attentional group also performed better in phonemic fluency 
and assembly subtest of the Purdue Pegboard test than the exercise group. Before 
intervention, there was a list of videos provided for those participants who were assigned 
in the attentional control group. The most popular video was “” Hanna Montana: The 
Movie”, published by Walt Disney Studio in 2009 because this video included some 
popular musical songs and performance. Emery, Hsiao, Hill and Frid (2003) found 
healthy older adults improved cognitive performance in verbal fluency after one exercise 
session accompanied by music, but not in an exercise session without music.  
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Mammarella, Fairfield and Cornoldi (2006) found elderly participants performed better 
in phonemic fluency when listening to Vivaldi’s “Four Seasons” than being placed in a 
white-noise or a quiet condition. Both studies provide the evidence that music might be 
associated with improvements in verbal fluency in the current study.  
In addition, recent neuroimaging studies further indicated the cerebral 
relationship between music and language processing in humans and found that music 
and language processing share the same brain area (Levitin & Menon, 2003; Schön, 
Gordon & Besson, 2005). Phonemic fluency imposes higher demands on executive 
function, especially in verbal working memory than semantic fluency (Henry, Crawford 
& Phillips, 2004). For example, Moreno et al. (2011) designed a 20-day music training 
program for preschool children and found 90% of participants in this group showed 
improvement in the verbal intelligence of Wechsler Preschool and Primary Scale of 
Intelligence-Third Edition. Therefore, according to these previous findings, it is possible 
that the musical stimulation aroused the similar linguistic cerebral network during video 
watching and improved the phonemic fluency in the attentional control group which 
eliminated the differences in verbal fluency between the groups.  
Moreover, as for the assembly subtest, consistent with our current ACT study in 
young adults with DS (Chen et al., in press), the attentional control group (i.e., listening 
to music for 30-min) performed better than exercise group in the assembly subtest of the 
Purdue Pegboard test. The assembly subtest required participants to recognize the 
spatial relationship between different objects in the test (e.g., peg, collar, and washer) 
and hands (e.g., dominant and non-dominant hands) and completed the test within a 
limited time. Hence, it is possible that this subtest involves another cognitive ability of 
“spatial intelligence”.  Rauscher, Shaw and Ky (1993) found college students improved 
their spatial intelligence in the assembly test after listening to Mozart’s music for 10  
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minutes compared to relaxation and silence conditions. Further, Sarnthein, 
Rappeisberger, Petsche, Rauscher and Shaw (1997) confirmed more brain activation in 
the prefrontal areas after listening to Mozart’s music and the carry-on effect improved 
performance in paper folding and cutting tasks, which required spatial-temporal 
reasoning ability. In addition, Chen, Penhune and Zatorre (2008) indicated that the 
motor region was recruited after even just passively listening to music. These studies 
illustrate that there may be a link among musical perception, cognition and motor 
performance. Thus, the attentional control group in the current study improved their 
fine manual dexterity in the assembly subtest mediated by the additional recruitment of 
prefrontal and motor areas after 20-min seated video watching with some musical 
perception.  
In summary, the musical effect to each participant was not well controlled during 
our intervention. Although music may increase certain aspects of motor and cognitive 
performance, there is a need to further investigate the effectiveness of musical 
stimulation on verbal processing and fine manual skill learning compared with exercise 
in persons with DS. Particularly, it may not exert the same benefits to brain and 
cognition as more traditional physical activity behaviors. For example, it has been 
reported that persons with DS have general deficits in inhibitory difficulties (Borella, 
Carretti & Lanfranchi, 2013). In particular, inhibitory control is the early sign to detect 
the onset of Alzheimer’s disease and may be related to their excessive eating behavior 
and high prevalence of obesity in this population. Thus, daily walking at moderate 
exercise intensity might improve this deficit and change the quality of their lives.  
 
Intrinsic Motivation & Exercise in Persons with DS 
Less Enjoyment from Exercise. Our results are inconsistent with our  
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hypothesis that there was no significant difference in intrinsic motivation between an 
acute bout of a 20-min aerobic treadmill walking and seated video watching in 
adolescents and young adults with DS. Our results show that participants perceived less 
enjoyment from exercise than from seated video watching. In other words, participants 
perceived more positive affect or pleasure from video watching than treadmill walking. It 
has been demonstrated that the mentality of engaging in human behavior for pleasure 
and satisfaction has a positive link with positive affect. Take exercise behavior as an 
example, Lutz, Lochbaum and Turnbow (2003) measured college students' affective 
response to imagery of a 30-min self-selected exercise mode and intensity. They noted 
that intrinsic motivation for exercise correlated positively with positive affect. Thus, this 
difference in enjoyment subscale may explain why watching TV or a video was the most 
popular leisure activity compared to exercise participation and the high prevalence of a 
sedentary life style in this population.  
One possible explanation about why the participants perceived physical activities 
to be less inherently interesting in the current study is because they had been externally 
prompted in the beginning stages of exercise participation. Orlick and Mosher (1978) 
manipulated children’s perceptions of self-regulation on extrinsic reward while 
performing on a stabilometer and found that children undermined their intrinsic 
motivation for what was interesting and challenging in the task. In the current study, 
most participants were recruited more local Special Olympic programs. Based on the 
report from Farrell, Crocker, McDonough and Sedgwick (2004), they indicated many 
Special Olympic athletes were actually motivated by external rewards. Similar finding 
was indicated in the study of Požėrinė, Adomaitiene, Ostasevičiene, Reklaitiene and 
Kragniene (2008). They evaluated sport motivation in Special Olympic athletes and 
found that external motivation (e.g., I want to win ribbons and medals) received the  
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highest score. Thus, the participants in the exercise group showed a decrease in intrinsic 
motivation because of too much emphasis in external regulation during their earlier 
participation.       
In addition, another possible underlying mechanism to explain this difference in 
enjoyment for young adults with DS is their affinity for music. Levitin et al., (2004) 
indicated that persons with DS showed stronger music interests and expressed more 
emotional response to music compared with the typical population. Moreover, their 
preference for music has been also shown in an exercise study. Owlia, French, Ben-Ezra 
and Silliman (1995) found that adolescents with ID maintained more time in stationary 
cycling when listening to music compared with the performance with no involvement of 
music. Thus, it is possible that more  enjoyment was expressed from the attentional 
control group  because the related musical performance in the video captured their 
attention.  
Less enjoyment from exercise further supports previous findings in the decreased 
positive affect studies after exercise in persons with ID/DS (Chen et al., 2012). Davidson 
(1984) proposed the concept of resting brain asymmetric activity recorded from anterior 
regions of the brain, which were suggested to be reliable biological markers for the 
processing of affect. Woo et al. (2010) found that compared to the level of baseline, 
typical college students showed increased frontal asymmetric scores (e.g., positive affect) 
following exercise at 45% of VO2max. However, inconsistent with the study of Woo et al. 
(2010), Chen et al, (2012) examined the frontal asymmetric scores in young adults with 
ID/DS following  20 minutes of brisk treadmill walking exercise and found decreased 
positive frontal asymmetric scores (e.g., negative affect) after exercise than before. 
Therefore, this decreased positive feeling likely leads to their low scores in enjoyment. 
On the other hand, this phenomenon is also reflective of the high percentage (i.e., 50%)  
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of physical inactive among participants in the exercise group. Whaley and Schrider 
(2005) noted that a person who starts exercise is dependent on his/her own self-
perception to exercise. Thus, less inherent enjoyment about exercise may explain the 
sedentary life in this population. 
In order to increase their enjoyment (affect or pleasure), it is important to find an 
exercise that persons with DS like. Vogt, Schneider, Abeln, Anneken and Strüder (2011) 
found that people with ID increased their positive mood after a 30 minutes of running on 
the treadmill at their own preferred speed. Another current study with persons with DS 
measured exercise outcome expectation before and after a 30-min stationary exercise 
cycling session at their voluntary pedaling rate (voluntary exercise), 35% faster rate than 
voluntary pedaling with the assistance of a mechanical motor (assisted exercise) and no 
exercise (Ringenbach et al., 2011) in which exercise perception was measured by the 
Exercise Perceptions Scale (Heller & Prohaska, 2001). The improvements in exercise 
perception (e.g., feel happier, look better, make body feel good) occurred only after the 
assisted exercise, but not the voluntary or no exercise interventions. Therefore, these 
studies suggest that the effect of different exercise mode and intensity should be 
considered when considering the enjoyment of physical activity in persons with DS. 
  
Perception Efforts from Exercise. Consistent with previous studies, young 
adults with DS were able to perceive physical exertion during exercise. Chen, Ringenbach, 
Snow and Hunt (2013) applied a modified pictorial rate of perceived exertion scale for 
young adults with DS during walking on a treadmill. They found that persons with DS 
had the ability to perceive physical exertion (e.g., increased HR) and reported an 
accurate subjective estimation during walking. Therefore, this 4-point pictorial RPE 
Scale is simple and assists persons with DS to eliminate the extra time to process  
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information. However, the results were variable (R2 from .01 to .93). First, the low 
mental age may influence their abilities to select an accurate RPE value. Groslambert, 
Hintzy, Hoffman, Dugué and Rouillon (2001) compared the correlation between RPE 
and HR in young children and adults. They found, the R2 level in young children was 
lower than that observed in adults. In addition, one participant kept selecting the same 
RPE value that may because of the significant verbal preservation (Abbeduto et al., 
2006). Furthermore, each participant was only tested once, so future research should 
investigate the reliability of using this modified scale.  
Moreover, more objective measurements should be considered as well, such as 
EEG, heart rate and skin conductance, which has been used as markers for psychological 
states in the presence of physical effort induced by walking (Koenig et al., 2011). These 
physiological measurements will help to the understanding of the physical perception of 
exertion in this population. After the additional one session of familiarization (20-min),  
and the warm up period (4-min) before the test had been given, there were some 
participants who still expressed fear in the beginning of the walking protocol because of 
the lack of related experience on a treadmill. Thus, longer practice sessions or other 
exercise modes (e.g., stationary cycling) could be used to reduce these psychological 
limitations in the current study. 
 Overall, the preliminary result indicated similar intrinsic motivation between 
treadmill walking and seated video participation in persons with DS. In order to promote 
exercise behavior in this population, it seems that the manipulations of the perception of 
competence and control in persons with DS may produce the changes in their intrinsic 
motivation to exercise participation from previous studies (Ringenbach et al., 2011; Vogt 
et al. 2011). In addition to external rewards, introjected regulation (e.g., I want to meet 
friends) and identified regulation (e.g., I want to be pretty skilled) have been shown the  
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associated with more frequent exercise participation than intrinsic motivation in a 
typical population (Thøgersen-Ntoumani & Ntoumanis, 2006) and Special Olympic 
athletes (Požėrinė et al., 2008). For example, to satisfy the need for relatedness, such as 
exercise behaviors of the family and family encouragement, is highly related to increase 
intrinsic motivation for persistent exercise behavior in persons with DS (Hassandra, 
Goudas & Chroni, 2003). However, to my knowledge, there is not the volume of evidence 
in this line of relationship. Therefore, future study could clarify the divergent influences 
on motivating exercise behavior in this population in order to complement an effective 
exercise intervention for this population. 
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Chapter 6 
CONCLUSION 
The main goal of this study was an attempt to determine if a single bout of 
aerobic exercise improves motor performance, executive function and intrinsic 
motivation in adolescents and young adults with DS. As hypothesized, the results 
showed greater manual force production and better inhibitory control ability after a 20-
min incremental treadmill walk. These results suggest that a single bout of exercise can 
enhance motor and cognitive function through elevated arousal level, increased 
neurotransmitters and the activation of prefrontal and motor regions. Even though the 
underlying mechanism is unclear, it is the first to evaluate many aspects of motor and 
cognitive performance in response to exercise in persons with DS. These preliminary 
findings were consistent with previous animal studies in the DS mice model (Kida et al., 
2012; Llorens-Martín et al., 2010).  
A third goal of this study examined intrinsic responses following exercise or 
seated video watching intervention. Lower scores of enjoyment was seen in the exercise 
group, which may be attributed to too much external regulation in their early exercise 
participation or affinity. Further, this difference may be cited as reflective of negative 
affection because, similar to our previous study, of the reductions in positive affect (Chen 
et al., 2012). Moreover, this difference in intrinsic motivation may lead to the high 
prevalence of sedentary lifestyle among persons with DS. In addition, higher scores of 
effort immediately after the exercise intervention suggest that persons with DS have the 
capability of perceiving their physical efforts. 
Overall, the findings revealed general higher accuracy for all motor and cognitive 
tests in the exercise group compared to attentional control group. Although exercise did 
show a trend towards facilitating cognitive control in processing speed and attention  
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shifting, it failed to reach statistical significance on many accounts, such as the small 
sample size, low exercise intensity, the variability in physical demands and the time of 
assessment. 
Surprisingly, the attentional control group showed better performance in the 
assembly subtest of Purdue Pegboard test and phonetic fluency possibly because of the 
effect of music during seated video watching. Such results were not completely 
unexpected.  As shown in recent studies, music listening had a positive effect in 
facilitating cognitive performance (Emery et al., 2003; Mammarella et al., 2006). 
 
Limitation 
From the results of this study, aerobic exercise could be used as a non-
pharmacological treatment to improve motor performance, enhance executive function 
and increase opportunities for persons with DS to advance in learning and work 
performance. Although aerobic exercise was studied in this experiment, the exercise 
mode, exercise intensity, and the time of assessment has been shown to play a role in 
cognitive enhancement. It may be that treadmill walking was not the best choice for 
motor and cognitive enhancement in persons with DS. For example, fine manual 
dexterity, measured as Purdue Pegboard test, seems to be improved by assisted cycling 
participation (Rinhenbach et al., 2011). It may be the case that different inverted-U 
relationships exist for gross and fine nature of movement. In addition, it could also be 
the case that low exercise intensity was detrimental to positive changes in executive 
function because previous studies indicated that exercise intensity at 50%VO2max was 
good to improve inhibitory control ability, but not for other aspects of executive function. 
Furthermore, the study may produce different results depending on the delayed time for  
77 
  
the post-test. It was apparent that the rest after exercise intervention was not controlled 
in this study. This could have affected their performance on the tests; however, manual 
force production and inhibitory control did improve after aerobic exercise. 
Although mental age and BMI were controlled with persons with DS, this study 
design did not incorporate data concerning previous levels of physical activity, which 
may lead to the variability of physical fitness. Higher fitness has been postulated as the 
primary reason for enhanced cognition (Stroth, Kubesch, Dieterle, Ruchsow, Heim, & 
Keifer, 2009). Thus, it is plausible that participants in the study who maintained 
adequate levels of fitness could allocate more attentional and mental resources and 
improved performance on motor and executive function tests after exercise. 
Current motivational strategy to altered exercise participation is through external 
regulation in persons with DS (Farrell et al., 2004). However, intrinsic motivation may 
serve as a source for persons with DS to exercise participation because it has been 
correlated with physical exercise involvement. More physiological variables (e.g., heart 
rate, EEG, skin conductance) should be considered as objective measurements in 
addition to subjective self-report. 
If exercise behavior begins to change, so that acute bouts of exercise are 
performed more regularly, and some become chronic exercisers, if could result in long-
lasting improvement in their motor and executive function. Most importantly, the 
additive effect from chronic exercise may be associated with the prevention of early 
development of Alzheimer’s disease in this population.  
 
Future Directions 
The current study demonstrated significant improvements in manual force 
production and inhibitory control performance following exercise. Although exercise did  
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not always significantly improve others tests (processing speed and attention shifting), 
the positive trend was evident. In the context of the current study, it can be stated that 
exercise did have a beneficial effect on motor performance and executive function in 
adolescents and young adults with DS. 
From review of the literature, there appears to be a lack of related research in this 
population although few have attempted to explain the association between exercise and 
cognition in persons with ID. Past studies discovered impaired long- and short-term 
memory and planning, in addition to verbal fluency, attention, inhibition and processing 
speed in persons with DS (Ball et al., 2008). It would be recommended that the current 
study be replicated to test other aspects of executive function. Another recommendation 
would be to expand the repeated measures in the design by following physical activity 
with higher and lower exercise intensities.  
Further examination also needs to be completed on how intrinsic motivation 
affects exercise behavior in this population. The participants in the current study 
verbally reported enjoyment and effort; however, no detailed physiological measures 
were collected to compare mood states. Comparison of more measures following physical 
activity and sedentary behavior with information on EEG, heart rate and/or skin 
conductance could provide important quantitative data. 
This exploratory study, hopefully, also serves as a pilot study for future research 
in individuals suffering from cognitive impairment. Although the current study looked at 
persons with DS, it would be beneficial to determine whether or not similar or even more 
favorable changes in motor and cognitive performance are yielded in other special 
populations. This research area could also benefit from the formation of a well-
established theoretical model of relationships between exercise, motor control and 
cognition. It is the hope that this proposed hypothetical model may spur interest in  
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future study. Many of these relationships have been investigated in typical populations, 
but having a model could provide guidance to elderly adults with DS, individuals with ID 
and cognitive impairments. 
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APPENDIX A 
INSTITUTIONAL REVIWE BOARD/HUMAN SUBJECT 
APPROVAL FORMS ON DATA COLLECTION 
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APPENDIX B 
INTRINSIC MOTIVATION SCALE 
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Enjoyment Scale 
 
 Yes Maybe No 
 
I enjoyed doing this activity very 
much 
3 2 1 
 
This activity was fun to do 
 
3 
 
2 
 
1 
    
I thought this activity was a boring 
activity. 
1 2 3 
    
This activity did not hold my 
attention at all. 
1 2 3 
    
I would describe this activity as 
very interesting. 
 
3 2 1 
I thought this activity was quite 
enjoyable. 
3 2 1 
 
While I was doing this activity, I 
was thinking about how much I 
enjoyed it. 
 
3 
 
2 
 
1 
      
Total Scores: __________________ 
 
Effort Scale 
 Yes Maybe No 
 
I put a lot of effort into this. 3 2 1 
    
I did not try very hard to do well at 
this activity 
1 2 3 
    
I tried very hard on this activity. 3 2 1 
    
It was important to me to do well at 
this task. 
 
3 2 1 
I did not put much energy into this 1 2 3 
      
Total Scores: _________________ 
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APPENDIX C 
THE MODIFIED FOUR-POINT RPE SCALE 
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